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Uusi vegetatiivista hermostoa rauhoittava valmiste 


MILTERGAL tabl. 


Meprobamat. 0,2 

Dihydroergocristin. isethion. 0,0002 

Butylscopol. bromid. 0,005 © 
Sacch. obd. 


INDIKAATIOT: Vegetatiivisen dystonian ja neuroosin eri muodot. 


ANNOSTUS: 1—2 tabl. 2—3 kertaa piivassa. 


Vuodesta 1948 alkaen Medica on valmistanut vegetatiivisen hermos- 
ton rauhoittamiseen tarkoitettuja Ergatral tabletteja. Sama _ periaate, 
yhdistéé samaan valmisteeseen sympaattisen hermoston toimintoja 
rauhoittava sekalealkaloidi, parasympaattisen hermoston toimintoja 
rauhoittava atropiiniryhman alkaloidi seké keskushermoston toimin- 
toja ja vegetatiivisia keskuksia rauhoittava laakeaine, on edelleenkin 
yleisesti hyvaksytty. Laakeaineiden alalla viime vuosina tapahtunut 
voimakas kehitys on tuonut aikaisemmin kaytanndssaé olleiden ainei- 
den tilalle monessa suhteessa sopivampia laakeaineita. Niinpa 
dihydroergokristiinin sympatikolyyttinen vaikutus on useita kertoja 
voimakkaampi, mutta sen myrkyllisyys huomattavasti pienempi kuin 
ergotamiinin ja se ei ergotamiinin tavoin supista kohdun eika veri- 
suonien sileadta lihaksistoa. 

Dihydroergokristiinilta, joka painvastoin laajentaa jossain marin peri- 
feerista verisuonistoa, puuttuvat siis ne vaikutukset, jotka ergotamiinia 
kaytettéessé voivat aiheuttaa komplikaatioita. 

Butylskopolamiinilla on atropiininkaltaiset vaikutukset parasympaatti- 
seen hermostoon. Naité tehostavat sen autonomisia ganglioita salpaa- 
vat vaikutukset. Sen etuna atropiiniin verrattuna on, etté sen vaiku- 
tukset syljeneritykseen ja sydamen lydntitiheyteen ovat huomattavasti 
heikommat. Butylskopolamiinilla ei ole sanottavia vaikutuksia keskus- 
hermostoon ja sen myrkyllisyys on atropiiniin ja skopolamiiniin ver- 
rattuna pieni. 

Meprobamaatti |aukaisee psyykkisié ja fyysisia jannitystiloja ja vai- 
kuttaa rauhoittavasti silti aiheuttamatta vasymysté, minké vuoksi sita 
on suuressa mitassa ruvettu kayttamaéan sedatiivina (ataraktina) var- 
sinkin barbituraattien asemasta. Sen toksisuus on n. 5 kertaa pienempi 
kuin fenemaalin. Eraissé tapauksissa sen on todettu aiheuttavan aller. 
gisia ihoreaktioita. 

Miltergal on kokoomuksensa perusteella erittéin sopiva laake hoidet- 
taessa ambulatorisesti sellaisia sairauksia, joiden syyné on tai joihin 
liittyy autonomisen hermoston dysfunktio. 
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PITKAAIKAISEEN PROFY- 
LAKSIAAN SEKA JATKO- 
HOITOON 


Inj. Penadur L-A 


(long acting) 


ENSIAVUKSI INFEKTION 
TORJUNTAAN 


Inj. Penadur 6-3-3 


N,N’ - dibenzylaethylendiamindi- 
penicillin. G...... 600.000 UI 


Procain. penicillin. G 300.000 UI 
Kalium penicillin. G 300.000 UI 


N,N’- dibenzylaethylendiamindi- 
penicillin. G .... 300.000 UI 


suspensio aquosa 


600.000 yksikk6a Penadur 
L-A vesisuspensiota saa ai- 
kaan terapeuttisen verikon- 
sentraation (vahint. 0,05 
UI/ml) lapsille 14 ja aikui- 
sille 7 vuorokaudeksi. 


Suuren alkukonsentraation 
ansiosta ihanteellinen val- 
miste poliklinikoilla ja sai- 
raskaynneilla kaytettavaksi, 
kun tarkka infektion maa- 
ritys puuttuu. 

Useimmissa tapauksissa riit- 
tai yksi ruiske. 
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NOPEASTI KORKEA ALKUKONSENTRAATIO MYOS PERORAALISESTI 


V-Penicillin “500” tabi. — 
Phenoximethylpenicillin. kal. 500.000 UI 


wr; Liukenee vasta suolistossa. Nopean > 
Wye imeytymisen ansiosta korkea alku- 
konsentraatio. 
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| ATLAS — UNIVERSAL — OKSIMETRI 


soveltuu korvakappaleen avulla arteriaalisen veren happi- 
kyllastysasteen tarkkailuun seka kyvettien avulla verinayt- 


teen hemoglobiinin maaraéaimiseen. 


Kaytéssi oksimetri on osoittautunut kayttévarmaksi seka 


tarkat mittaustulokset antavaksi. 


Valmistaja: 


Atlas— Werke A. G., Bremen 
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FROM THE ZOOLOGICAL MUSEUM, UNIVERSITY OF HELSINKI, FINLAND 


SOME PECULIARITIES OF THE SEASONAL OCCURRENCE 
OF POLIOMYELITIS IN FINLAND 


by 
PEKKA NUORTEVA 


(Received for publication April 11, 1958) 


In the temperate climates poliomyelitis is prevalent in late 
summer and spring. This epidemiological behaviour is so far poorly 
understood as the wintertime freezing does not inactivate the polio- 
myelitis virus but the desiccation at the elevated summer tempera- 
tures would do it. The assumption, that flies or other arthropods 
would be transmitters of poliomyelitis during the epidemics in 
summer could offer an explanation for the epidemiological behaviour 
of this disease. In fact, viruses of poliomyelitis have also in many 
cases been extracted from house flies and from several species of 
blowflies collected during or before epidemics (1, 2, 4, 5, 7, 8, 9, 
11, 12). Poliomyelitis viruses may survive at least three weeks 
in the blowfly Phormia regina Meig. (3). The role of insects is 
however not generally regarded as an dominant element in the 
spread of this disease. 

In the present article, the attention is drawn to some peculiar 
features in the seasonal occurrence of poliomyelitis in Finland and 
an attempt is made to elucidate these peculiarities from an ento- 
mologists point of view. 


MATERIAL 


The evidence for the seasonal occurrence of poliomyelitis in 
Finland is based on cases which have been reported to the State 
Medical Board during the years 1938—1957. Before the year 1953 
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no distinction was made between the paralytic and nonparalytic 
cases. In this investigation only paralytic cases are considered for 
the period 1953—1957. For the period 1938—1952 all reported cases 
are considered but it is likely that only few cases reported during 
these years may have been nonparalytic ones. — 

Notes on the flying times and geographic distribution of some 
flies are based on the notes of the trapping dates and of the local- 
ities of these insects in the Entomological Museum of the Univer- 
sity of Helsinki. The series examined for this paper consisted of 
more than 1000 specimens of the genus Lucilia collected by different 
persons in 95 parishes situated in various parts of Finland. A more 
detailed report on this series will be published in Annales Ento- 
mologici Fennici. 


RESULTS AND DISCUSSION 


The monthly occurrence of paralytic poliomyelitis cases in the 
different provinces of Finland during the years 1938—1957 is given 
in Table 1 and in Figures 1 and 2. In the latter figure is given the 
geographic site of the different provinces and the day for the mean 
occurrence of poliomyelitis in the different provinces. 

From these data it is to observe, that the morbidity in paralytic 
poliomyelitis shows its minimum in the month february, increases 
then slightly until june, shows a more rapid increase until sep- 
tember and october after which a gradual decrease follows. The 
course of seasonal morbidity is not strictly similar in all provinces. 
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Fig. 1. — The seasonal occurrence of paralytic poliomyelitis in Finland during 
the years 1938—57. 
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Fig. 2. —- The geographical site of the different provinces in Finland (the letter 

symbols for the different provinces are given in the table 1) and the days for 

the mean occurrence of poliomyelitis in the different provinces. The black area 

indicates the area in which the blowflie Lucilia sericata does occur. — Observe 
the late days for the mean occurrence of poliomyelitis in this area. 
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TABLE 1 
SEASONAL OCCURRENCE OF PARALYTIC POLIOMYELITIS IN THE DIFFERENT PROV- 
INCES IN FINLAND DURING THE YEARS 1938—1957 

















alli Letter wi. ch matin ~ Batten per ae : y 
Symbol! | IMI IV|V VI VIL VII -IX | X | XI-XII 
Ahvenanmaa | A | 1 — 2 41/—| 1— 2 14 4 4 4) 30 
Turku & Pori B 28 15' 12' 19, 21: 27. 40 127° 217° 209 97. 38] 850 
Uusimaa C 33} 18] 23) 21) 20 38. 63, 167 | 271! 275; 147) 71/1147 
LC) Aaa D 20, 12, 19) 16; 28 22 22' 68 68 72 54! 20) 421 
Ll E 58: 21! 22) 37; 42, 38 70. 131 | 233, 179' 81) 58] 970 
Mikkeli ...... F a2) 43). 8) 43) 12) 43'° 27) 97 81, 68 68, 12] 404 
WROBA 25 s08. G 38; 30; 25: 20; 44 25' 89 106 106! 149 121) 40] 793 
Kuopio ...... H 20 14 25 24 36 37° 59 141 156 135 58; 32) 737 
as oe I 24, 18 19) 19} 25 23 30 66 96; 84 37! 26] 467 
Lappi ...... J 9 2 5 9 8 16 16 40 38 41) 14 13) 211 
Whole country 243 143 160 179/236 240) 416 925 12801216) 681) 31116030 
Reported Cases in Percentages per Month 
I I 00) TV) V (VE) Vail) Vil) IX) X | XTX 
Ahvenanmaa A 3.3, —/ 6.7/3.3, — 3.3 - 6.7 | 46.7 13.3 13.3, 3.3 
Turku & Pori B 3.3 1.8) 1.4] 2.2) 2.5;3.2 4.7 14.9 | 25.5) 24.6) 11.4! 4.5 
Uusimaa C 2.9} 1.6] 2.0) 1.8) 1.7, 3.3 5.5 14.6 | 23.6! 24.0) 12.8) 6.2 
RAPS ee D 4.8 2.9) 4.5] 3.816.7,5.2 5.2. 16.2 | 16.2: 17.1; 12.8) 4.8 
SRO S35 s 0c E 6.0) 2.2 2.3/3.8 4.3.3.9 7.2 13.5 24.0 18.5 8.4 6.0 
Mikkeli ...... F 3.0) 3.2 2.0) 3.2 3.0 3.2 6.7 19.1 20.1, 16.8, 16.8) 3.0 
i ee G 4,8, 3.8 3.2) 2.5] 5.6) 3.2 11.2; 13.4 | 13.4! 18.8) 15.3] 5.0 
Ruopio ...... H 2.7/1.9, 3.4 3.3.4.9 5.0 8.0 19.1 21.2; 18.3 7.9 4.3 
Lae I 5.1/3.9.4.1 4.1 5.4 5.0 6.4 14.1 20.6 18.0 7.6 5.6 
Dea J 4,3} 1.0) 2.4| 4.3) 3.8: 7.6 7.6. 19.0 18.1 19.4) 6.9) 6.2 
Whole country 4.0; 2.4| 2.7/3.0 3.9 4.0 6.9 15.3 21.2) 20.2) 11.3) 5.2 









































It is to note, that this disease occurs significantly later in the prov- 
inces of Ahvenanmaa, Turku & Pori and Uusimaa at the southern 
coastal area of Finland than it occurs in the other parts of this 
country. The day for mean occurrence of paralytic poliomyelitis 
in the southern coastal area is 4. IX. Outside this area the respective 
day is 15. VIII. Partly the differences in the days for mean occurence 
derive from the fact, that poliomyelitis is more common during 
winter in the northern parts than it is in the south of Finland. A 
difference exist also in the seasonal occurrence during the epidemic 
time (see Fig. 3). In Helsinki the peak of the epidemy occurs one 
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month later than in the other parts of Finland (Fig. 3). This rela- 
tionship is peculiar since the areal in which poliomyelitis occurs 
latest in the season is the southernmost and warmest part of 
Finland and is also an area, where the human population is in 
general densiest. A early seasonal occurrence and rapid spreading 
of poliomyelitis would thus be expected for this area if it is assumed 
that poliomyelitis spreads by contact between individuals. If flies 
would be the dominant element in the spread of poliomyelitis it 
would be possible to explain this peculiar epidemiological feature. 
The coastal area, in which poliomyelitis occurs exceptionally late 
in the season, is namely the only area in Finland where the blow- 
flie Lucilia (Phaenicia) sericata Meig. does occur (Fig. 2). The para- 
mount greatest abundance this flie shows in the city Helsinki. 
Lucilia sericata is a flie, from which the american investigators have 
most often obtained poliomyelitis viruses and from which viruses 
have been obtained also before the outbreak of an epidemic of this 
disease (1, 2, 10). The flying time of this species in Finland is given 
in Fig. 4. It is to observe that the seasonal occurrence of this flie 
during the warm season of the year is very similar with that of 
poliomyelitis. This flie would thus have the possibility to function 
as a carrier of poliomyelitis in the southern coastal area of Finland. 
That would not indeed exclude even other flies to act as carriers in 
the south. Other flies with similar habits must also be assumed to 
act as carriers in the northern parts of Finland where Lucilia 
sericata does not live. No other flie, which comes in question as a 
carrier of poliomyelitis viruses has the maximum of seasonal 
abundance as late as it has Lucilia sericata. If flies would act as an 
essential element in the spread of poliomyelitis the late occurrence 
of poliomyelitis in the south would be understable to be influenced 
by the late flying of Lucilia sericata. 

The fact, that poliomyelitis occurs more commonly during 
winter in the northern provinces than in the south is also an in- 
teresting and significant feature in the epidemiology of paralytic 
poliomyelitis in Finland (Table 1 and Fig. 3). Indeed it could be 
assumed that the couldiness of the climate would in some way 
increase the intime contact between the individuals. In general the 
physicians dont believe, that arthropods would transmit poliomye- 
litis during winter. This comprehension has been one of the heaviest 
arguments against the hypothesis of arthropod-transmission of 
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Fig. 3. — The seasonal occurrence of paralytic poliomyelitis in the city Hel- 
sinki (—o—o—), in the provinces Ahvenanmaa, Turku & Pori and Uusimaa 
at the south coast (—-—-—) and in the other provinces in Finland (-—-.--——-). 





CASES LUCILIA 
OF PA- SERICATA 
RALYTIC SPECI- 
POLIO- MENS 
MYELITIS 


5007 100 
4007 80 
3007 60 
2007 40 


100 + 20 











Fig. 4. — The seasonal abundance of the blowflie Lucilia sericata in Finland 
( ) and the seasonal occurrence of paralytic poliomyelitis cases (—---- ) 
in the provinces inhabited by this species. 





poliomyelitis. From an entomologists point of view a transmission 
by arthropods seems not to be quite impossible. There are many 
species of flies, which overwinter in houses and are sometimes 
active indoors also during winter. Melnick (1) has shown, that the 
flie Cynomyopsis cadaverina R. D. harbors viruses also very late in 
autumn and remarks, that the virus could possibly overwinter in this 
flie. Flies will survive the winter better in houses without central 
heating as this mode of heating decreases the relative humidity 
of air in such degree that the flies most often die during 2—3 
months. The percentage of centralheated houses is significantly 
lesser in the northern provinces of Finland than in the southern ones. 
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If the overwintering flies would play some role in the epidemiology 
of poliomyelitis, a more common occurrence of this disease would 
thus exist in the northern provinces of Finland — which as already 
mentioned, holds true. 

It has recently been shown in many instances (6), that cock- 
roaches harbor the poliomyelitis virus in their alimentary tracts. 
These inquilines occur more commonly in the northern provinces of 
Finland than in the southern ones. Thus the more common occur- 
rence of poliomyelitis during winter in the northern parts of this 
country: could possibly be explained by means of these insects 
as well as by means of overwintering flies. — Until yet it exist, 
however, no evidence on the significance of cockroaches or over- 
wintering flies in the epidemiology of poliomyelitis, but they are 
without doubt worth of particular attention in this respect. 


SUMMARY 


In the present article, data are given on the seasonal occurrence 
of paralytic poliomyelitis in the different provinces of Finland. 
In three provinces at the southern coastal area poliomyelitis 
occurs somewhat later than in the other provinces. This fact can 
be correlated to the occurrence of the virus-spreading blowflie 
Lucilia sericata Meig., which occurs only in the southern coastal 
area and which shows a seasonal maximum of abundance later 
in the season than other flies. The more common occurrence of 
poliomyelitis in winter in the northern provinces than in the south 
is discussed in connection of a hypothetical transmission of the 
disease by overwintering flies and cockroaches. 
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FROM THE DEPARTMENTS OF PHARMACOLOGY, UNIVERSITIES OF TURKU AND 
HELSINKI 


THE EFFECT OF RESERPINE ON VASCULAR CHANGES 
PRODUCED BY TOBACCO SMOKING! 


by 
ESKO TISALO and N. T. KARKI 


(Received for publication April 21, 1958) 


Nicotine is regarded as the reason for the vascular changes 
produced by smoking (15). These reactions, i.e., the constriction 
of skin vessels and the increase of heart rate and blood pressure, 
can be considered to be the result of the ability of nicotine to stimu- 
late the adrenergic system as, for instance, the sympathetic ganglia 
and the adrenal medulla. Reserpine and some other Rauwolfia 
alkaloids are able to cause the release of noradrenaline from 
tissues (2, 8). Reserpine-treated animals do not react with the 
usual blood pressure increase to sympathetic stimulation (5). Nico- 
tine fails to cause vasoconstriction in the perfused rabbit ear if the 
animal is previously treated with reserpine (14). 

In view of the ability of reserpine to deplete noradrenaline 
from the tissues, we have studied whether reserpine treatment 
in human beings can alter the circulatory changes caused by to- 
bacco smoking. 


TEST ARRANGEMENTS 


The test subjects were 18 healthy medical students and physicians 
aged from 22 to 36 years. Both sexes were represented, there being 14 males 
and 4 females. Ten of the test persons were habitual smokers but they had 
not smoked for 12—18 hours before the test. Measurements of the heart 
rate, blood pressure and cutaneous temperature were made in the forenoon 
before lunch. 


1 This work was supported by a grant from the Sigrid Jusélius Foundation. 
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To keep the conditions constant, the tests were conducted in a thermo- 
regulated room, in the temperature of 23 + 0.5°C. Relative humidity 
was between 50 and 55 per cent. During the experiment the subjects wore 
their usual indoor clothing, but both feet were exposed. They were in a 
half-recumbent, comfortable position and were allowed to read during 
the test. The thermometer (Thermorapid) electrode was connected to the 
tip of one great toe. Toe temperature, heart rate and blood pressure were 
registered at 5-minute intervals. For blood pressure measurement the 
ordinary Riva-Rocci sphygmomanometer was used. 

When the subjects had been under observation for at least 30 minutes, 
during which the blood pressure and heart rate became stable, they were 
asked to smoke one standard non-filter cigarette in their own customary 
manner. Non-smokers were instructed to inhale. The smoking was finished 
in 6 to 8 minutes. Observations were continued until 60 minutes from the 
beginning of smoking. 

The same measurements were repeated under reserpine treatment. 
The daily amount of reserpine was 1.0—1.5 mg divided into three or four 
doses and the treatment was continued for 3 or 4 days. As a rule the last 
dose of reserpine 1 was taken in the morning before the test. 


RESULTS 


Control Tests. — When evaluating the changes produced by 
smoking the mean of the last three readings before smoking was 
taken as the standard value. With these values were compared 
the highest heart rate and blood pressure readings and the lowest 
skin temperature observed after smoking. 

Smoking caused in all the persons a decrease in the temperature 
of the toe, a faster heart rate and higher blood pressure. A typical 
response to smoking is shown in Fig. 1. In most cases the heart 
rate and the blood pressure increased almost immediately after 
smoking was begun and reverted to the pre-smoking level in 15 
to 20 minutes. The skin temperature decrease was also observed 
already at the first measurement and it continued to fall during 
the first 15 to 20 minutes. The lowest temperature was reached 
in about 50 minutes after the commencement of smoking. 

In Fig. 2 are shown the reactions of all the test subjects. The 
fall in the cutaneous temperature in some cases was considerable, 
being up to 9°C. The average toe temperature, which before 
smoking was 28.7, declined to 24.1°C. 


1 We are indebted to Laake Oy., Manufacturing Chemists, Turku, for re- 
serpine tablets. 
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CUTANEOUS TEMPERATURE 
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Fig. 2. —- Changes in heart rate, blood pressure and cutaneous temperature 


in control experiments and under the influence of reserpine. Values of each 
test person before (B) and after smoking (A) are joined. Mean values are marked 
by heavy lines. 
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Smoking increased the mean heart rate from 70.6 to 87 
beats/min. and the mean systolic blood pressure from 118 to 
132 mm Hg. 

Effects of Reserpine on Test Subjects. — It was found in prelim- 
inary experiments that the pharmacological effects characteristic 
to reserpine became manifest three to four days after commence- 
ment of the treatment. The majority of test subjects had subjec- 
tive symptoms, such as lassitude and fatigue, nasal congestion, 
gastrointestinal disturbances, etc. 

The heart rate averaged 61 beats/min., which was 9 beats/min. 
lower than value registered before smoking in the control experi- 
ments. The average systolic blood pressure also declined from 118 
to 110 mm Hg. 

The effect of reserpine was especially clear in the skin tempera- 
ture. With the exception of one case the temperature had increased. 
The maximum increase was 9°C and the average 5.7°C. It was 
also found that when the feet were exposed before smoking the 
skin temperature had no tendency whatsoever to decrease. 

Smoking under the Influence of Reserpine. — Fig. 1 shows one 
typical reaction to smoking after reserpine treatment. The decrease 
of tobacco-induced responses as compared with the control values 
is clearly seen. The individual smoking reactions in the heart rate, 
blood pressure and skin temperature are shown in Fig. 2, which 
also gives the mean values. 

The mean increase in the heart rate was 11 beats/min., whereas 
in control tests with the same persons the increase was 16 beats/min. 
13/18 persons showed smaller responses after reserpine and in three 
experiments there were no changes. When the results were examined 
by the so-called sign test the decrease in the heart rate was found 
to be statistically significant (P<0U.01). 

Without reserpine the mean increase of blood pressure was 
14 mm Hg and after reserpine 9 mm Hg (P>0.05). 

As mentioned above the skin temperature before smoking was 
5.7°C higher after reserpine than in the control tests. This could 
induce increased heat dissipation. It was nevertheless found that 
in most cases (13/18) the temperature decreases caused by smoking 
were smaller than in control tests. On the average, decrease in 
skin temperature after smoking was 4.6°C in control experiments 
and 2.6°C during reserpine treatment. The result was statistically 
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significant (P~0.05). In control tests the decreased temperature 
lasted for an average of 50 minutes from the beginning of smoking, 
whereas after reserpine the lowest temperature was registered in 
about 15 minutes. 

One of the test subjects had nausea from smoking. The same 
symptom appeared in her also during smoking after reserpine. 


DISCUSSION 


When relatively small amounts of nicotine are used, its vascular 
effects are ascribed primarily to stimulation of the vasomotor 
centre (7), chemoreceptors (17), the adrenal medulla (16) and the 
sympathetic ganglia (10, 11, 13) Reserpine produces adrenergic 
depression both centrally and peripherally, which is assumed to 
be due to the lack of adrenergic transmitter substances (5). There- 
fore it can be understood that the ability of nicotine to stimulate 
the sympathetic system is decreased under reserpine. Reserpine 
has also been shown to possess peripheral sympathetic inhibiting 
properties (1). It is not known whether this may contribute to the 
diminished smoking reaction. On the other hand, it has been shown 
that reserpine-treated animals are sensitised to noradrenaline (5). 

It has been proved by Krayer and Paasonen (9, 12) and Carlsson 
et al. (5) that even rather small doses of reserpine cause a decreased 
noradrenaline content in the tissues. Using peroral administration 
Burger (3) showed a definite drop of noradrenaline in human blood 
after a three days’ reserpine treatment. These observations support 
the assumption that our dosage (1.0—1.5 mg/day) of reserpine 
given during three to four days was sufficient to decrease the amount 
of adrenergic agents in the organism. 

In the present experiments the temperature decrease caused 
by smoking lasted for a considerable time in the control experi- 
ments but not under the influence of reserpine. This prolonged 
decrease was apparently caused in part by the rather low environ- 
mental temperature. The nicotine-induced vasoconstriction was 
further maintained in a reflex manner by cooling of the skin (6). 

It is well to remember in this connection the findings, that 
smoking causes secretion of the posterior pituitary antidiuretic 
hormone (4) and this may affect the cutaneous vessels. 

It is known that the habitual use of tobacco is sometimes 
followed by vascular disorders and that the sympathectomy at 








THE EFFECT OF RESERPINE ON VASCULAR CHANGES 349 


least partly improves this state. In view of the present findings, 
the use of reserpine in these disturbances as well as in conditions 
similar to Raynaud’s disease may be justified. 


SUMMARY 


It was confirmed in experiments with 18 healthy subjects that 
the smoking of one cigarette increased the heart rate and the systolic 
blood pressure and decreased the cutaneous temperature of the foot. 

The oral administration of 1.0—1.5 mg/day of reserpine for 
3 to 4 days was followed, in addition of the heart rate and blood 
pressure decrease, by a significant rise in the skin temperature. 

Smoking increased the heart rate and lowered the cutaneous 
temperature significantly less under reserpine treatment than in 
the control experiments without reserpine. 


REFERENCES 


1. Asap, B.: Acta Pharm. Toxicol. 1957:13:213. 

2. Bertier, A., Cartsson, A., and Rosencren, E.: Naturwissenschaften 
1956: 22:521. 

3. Burcer, M.: Helv. Physiol. Acta 1956:14:C 13. 

4, Burn, J. H.: Brit. Med. J. 1951:/7:199. 

5. Cartsson, A., RosencreEn, E., Bertier, A., and Nixsson, J.: Psycho- 
tropic Drugs, ed. Garattini, S., and Ghetti, V., Elsevier, Amster- 
dam 1957: p. 363. 

6. Ecxstein, J. W., Woop, J. E., and Witkins, R. W.: Am. Heart J. 
1957:53:455. 

7. Hoskins, R. G., and Ranson, S. W.: J. Pharmacol. & Exper. Therap. 
1915:7:375. 

8. HouzpaveEr, M., and Voecrt, M.: J. Neurochem. 1956:1:8. 

9. Krayer, O., and Paasonen, M. K.: Acta Physiol. Scand. 1957:42 
suppl. 145:88. 

10. Lancuey, J. N., and Dickinson, W. L.: J. Physiol. 1890:11:297. 

11. Lanetey, J. N., and Dickinson, W. L.: Proc. Roy. Soc. London 
1889: 46:423. 

12. Paasonen, M. K., and Krayer, O.: Fed. Proc. 1957:16:1281. 

13. Paton, W. D. M., and Perry, W. 1. M.: J. Physiol. 1953:219:43. 

14. Rano, M. J., and Burn, J. H.: J. Physiol. 1958:140:P 7. 

15. Roto, G. M., McDonatp, J. B., and SHearp, C.: J. A. M. A. 

Therap. 1944:125;761. 

16. van Stryke, G. B., and Larsson, P.S.: J. Pharmacol. & Exper. 
Therap. 1950:98:400. 

17. Wricut, S.: J. Pharmacol. & Exper. Therap. 1935:54:1. 


24 — Ann. Med. Exper. Fenn. Vol. 36.-Fasc. 4. 


—— 











FROM THE DEPARTMENT OF ANATOMY, UNIVERSITY OF TURKU 


EFFECT OF DEHYDRATION AND REHYDRATION ON THE 
ACID PHOSPHATASE ACTIVITY OF THE HYPOTHALAMIC 
MAGNOCELLULAR NUCLEI 


by 
U. K. RINNE and E. KIVALO 


(Received for publication April 22, 1958) 


According to the most recent investigations the magnocellular 
nuclei of the diencephalon are the place of origin of the hormones 
of the hypophysial posterior lobe. Histologically, this could be 
established by demonstrating that so-called neurosecretory activity 
occurs in the said nuclei (12). 

The neurosecretory system has lately been investigated, for 
instance, by means of various dehydration and rehydration tests, 
the objective being that of throwing further light on the activity 
of the cells in the supraoptic nucleus and the paraventricular 
nucleus of the hypothalamus (e.g. 10, 5, 1, 2). Numerous investiga- 
tions have shown that intensive metabolic processes take place 
in the cells of the above-mentioned nuclei (13). Erank6, in 1951 
in his investigation on the cytology of the supraoptic nucleus of the 
rat, has also arrived at the result that the cells show signs indicative 
of a strong protein synthesis mechanism (6). Furthermore, he con- 
firmed this by showing that there is normally a strong phosphatase 
activity in the supraoptic and paraventricular nuclei of the rat’s 
hypothalamus (8). 

The present work constitutes an attempt to determine in what 
degree changes in the phosphatase activity of the hypothalamic 
nuclei may be observable in connection with dehydration and 
rehydration, as compared with the simultaneously occurring 
neurosecretory activity. 

Aided by a grant from the Sigrid Jusélius Foundation. 
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MATERIAL AND METHODS 


The experimental animals were adult white female and male 
rats, altogether 40 animals. The method of procedure was as fol- 
lows: 20 animals were deprived of water and given only dry food 
during eight days, four of them being exterminated after this 
time. The remaining 16 animals received then water ad libitum 
and were killed in groups of four after a period of one day, three 
days, seven days and 12 days, respectively, since the termination 
of the dehydration period. The controls were given similar dry 
food as the animals of the test series but they received water ad 
libitum, in addition to this throughout the time of the tests. Four 
control animals were also killed at the same time with each of the 
test animal groups. All animals were exterminated by rapid decapi- 
tation, and the hypothalamus was immediately excised from the 
controls as well as the animals of the test series. Half of the tissue 
samples from each group of animals killed during the tests were 
fixed for one day in Bouin’s solution and treated in the customary 
manner; the cuts prepared from them were stained by means of 
Gomori’s aldehyde-fuchsin method (4). The other half of the tissue 
samples taken from each group was fixed for two hours in neutral 
4 per cent formalin and the acid phosphatase activity was demon- 
strated by Gomori’s method in the modification presented by 
Erank6 (7). 


RESULTS AND CONCLUSIONS 


Neurosecretion. — It is found on study of the magnocellular 
nuclei of the hypothalamus by means of the aldehyde-fuchsin 
method that eight days’ dehydration produces hypertrophy of the 
cells and a distinct decrease of the neurosecretory substance in them. 
After the first day of rehydration the quantity of neurosecretory 
material in the cells is already slightly increased, and after the 
seventh day of rehydration a quantity of aldehyde-fuchsin-positive 
granules slightly in excess of normal is observable in the cells. After 
the twelfth day of rehydration, however, the aldehyde-fuchsin- 
positive reaction in the cells is similar to that in the cells of the 
control series. This result is in agreement with previous investiga- 
tions although we were not able to observe such a strong stage of 
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over-compensation in the formation of neurosecretory material 
as has been described by Bachrach (10, 5, 13, 1). However, our 
experimental animals were not killed until after the seventh day 
of rehydration, whereas the corresponding observations of Bachrach 
refer to animals that-had been rehydrated for six days. Since the 
normalisation of the neurosecretory activity had certainly been 
effected within 12 days since the commencement of rehydration, 
it is conceivable that one day may already have produced a certain 
levelling of the quantity of neurosecretory substance, and the 
difference of the results might be attributer to this fact. 

Acid Phosphatase. — In the supraoptic nucleus as well as in the 
paraventricular nucleus, acid phosphatase activity was observed 
in the control animals both in the nucleoli of the cells, in the nuclear 
membrane and also in the cytoplasm itself, in accordance with 
earlier investigations (8, 3). On comparison of the phosphatase 
activities of the said nuclei of the animals in the control and test 
series after an incubation time of one hour as well as of two hours 
it was found that the animals dehydrated during eight days showed 
a distinct increase of activity as compared with the controls (Fig. 1, 
2, 3 and 4). On the other hand no differences in acid phosphatase 
activity were observed between the test animals and the controls 
during the rehydration period. 

Our results are in agreement with the investigations according 
to which a strong protein synthesis takes place in the cells of the 
magnocellular hypothalamic nuclei (e.g. 13, 6, 8). The enzyme 
activity demonstrable by means of acid phosphatase was remarkably 
increased upon dehydration, probably as a result of strong stimula- 
tion of the cells. A similar result is indicated by the investigation 
of Pepler & Pearse according to which the histochemically 
demonstrable specific acetylcholinesterase activity is remarkably 
increased when the cells of the said hypothalamic nuclei are stimu- 
lated, in this particular case with hypertonic NaCl solution (11). 
The return to normal seems to take place rapidly since even after 
the first day no significant difference could be observed any more 
between the test animals and the controls. It seems that the changes 
observed in the neurosecretory substance on one hand and the 
simultaneous changes of acid phosphatase on the other hand are 
not concurrent during the rehydration phase; this appears plausible 
indeed since the stainable neurosecretory substance primarily 
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Fig. 1. — A normal 
acid phosphatase 
activity in the supra- 
optic nucleus of the 
control rat. x 120. 





Fig. 2. — A strong 
acid phosphatase 
activity in the supra- 
optic nucleus of the 
dehydrated rat. 

x 120. 





Fig. 3. — A normal 

acid phosphatase 

activity in the para- 

ventricular nucleus 

of the control rat. 
x 120. 
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Fig. 4. — A strong acid phosphatase activity in the paraventricular nucleus 
of the dehydrated rat. x 120. 


reflects the product of the cells in the nuclei, whereas the acid 
phosphatase gives an indication of the activity of these cells. The 
more abundant occurrence of neurosecretory substance at about the 
middle of the rehydration period than normally is obviously due to 
decreased peripheral need of antidiuretic hormone since, according 
to our results, the degree of activity of the cells appears to be nor- 
mal. 


SUMMARY 


With rats as experimental animals, the effect of dehydration 
and rehydration simultaneously upon the acid phosphatase and the 
neurosecretory substance of the magnocellular hypothalamic 
nuclei has been studied. After eight days’ dehydration a strong 
increase of acid phosphatase activity was observed in the cells, 
whereas this activity was normal again already after the first day 
of rehydration, This result was compared to the changes in the 
quantity of neurosecretory substance manifesting themselves at 
the same time. 
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USE OF PHENOLPHTHALEIN PHOSPHATE-CHROMATE 
PLATE AS A SELECTIVE ISOLATION MEDIUM 
FOR MICROCOCCI 


by 
TIMO KOSUNEN and M. E. PARMALA 


(Received for publication May 10, 1958) 


In a previous report (1) we showed the possible importance of 
the phenolphthalein phosphate-chromate (PPC) plate in diagnosing 
the micrococci. The phosphatase test on the PPC plate was compared 
with the usual coagulase and kinase tests. — In this paper some 
results are described, which were obtained with the PPC plate as a 
selective primary plate in isolating the micrococci from samples 
containing Proteus and Pseudomonas species. These bacilli, by 
their swarming or by their toxic metabolic products, often make 
the detection of any other bacteria in the same sample difficult. * 


MATERIAL AND RESULTS 


The analysed material consisted of 22,138 routine samples sent 
to our Institute during the years 1956—57. These samples were 
cultivated on blood, McLeod, Drigalski and PPC plates. The results 
were compared with the analyses of 17,730 analogous routine 
samples from the years 1953—54. In these, otherwise identical 
control analyses the PPC plate was not used. Table 1 shows that 
the two groups of samples are fairly comparable. 


* The added chromate ion makes the medium selective for micrococci; the 
phenolphthalein phosphate makes the differentiating of Micrococcus pyogenes 
and Micrococcus saprophyticus very easy. 
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TABLE 1 


THE NUMBER OF PROTEUS MIRABILIS, PROTEUS VULGARIS, PSEUDOMONAS AERU- 
GINOSA AND MICROCOCCI ISOLATED DURING THE YEARS 1953—54 anp 1956—57. 














1953—54 1956—57 
Number of Samples Number of Samples 
’ 22,138 
Bacteria 

Number of Per Cent Number of Per Cent 

Strains of All Strains of All 
Isolated Samples Isolated Samples 

Proteus mirabilis. . 342 1.93 633 2.86 

Proteus vulgaris .. 118 0.67 111 0.50 

Pseudomonas aeru- 
SAROER: -. sie sain 615 3.47 1074 4.85 
Micrococcus ...... 3153 778 3257 14.71 























Table 2 gives the observed number of samples containing micro- 
cocci with Proteus mirabilis, Proteus vulgaris, or Pseudomonas 
aeruginosa. This table also shows the ratio between samples con- 
taining the mixed floras and samples containing pure cultures of 


TABLE 2 


NUMBER OF SAMPLES CONTAINING MICROCOCCI WITH PROTEUS MIRABILIS, 
PROTEUS VULGARIS OR PSEUDOMONAS AERUGINOSA 




















1953—54 1956—57 
Number of Per Cent Number of Per Cent 
Samples of All Samples of All 
: Containing Samples Containing Samples 
Mined Flora Mixed | Containing | Mixed | Containing 
Floras the Corre- Floras the Corre- 
sponding sponding 
Gram-nega- Gram-nega- 
tive Rod tive Rod 
Proteus mirabilis + 
Micrococcus .... 19 5.5 193 30.5 
Proteus vulgaris + 
Micrococcus .... 15 12.7 43 38.7 
Pseudomonas aeru- 
ginosa + Micro- 
WOCCUE) sick xox 145 23.6 446 41.5 
Total 179 682 
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TABLE 3 
COMPARISON OF PHOSPHATASE AND COAGULASE TESTS IN DIFFERENTIATING THE 
MICROCOCCI 
Phosphatase | Coagulase Number of eA son. 4 
Test Test Samples — 
Samples 
Identical results .. + oe 2737 92.2 
a 267 
Different results .. a a. 141 7.8 
+ — 112 
Total | 3257 100.0 




















the corresponding gram-negative rods. As a whole, during the 
time PPC plate was used, the micrococci were found in samples 
containing these rods three times more often in 1956—57 than in 
the corresponding samples in 1953—54. In samples containing 
Proteus mirabilis the micrococci were found nearly six times more 
often in 1956—57 than in 1953—54. 

The phosphatase and coagulase tests were also performed to the 
micrococci isolated in 1956—57 (Table 3) Identical results in both 
tests were obtained in 92.2 per cent of the tested micrococci. This 
percentage agrees well with the results (91 per cent) of our previous 
report (1). The phosphatase test was carried out as described be- 
fore (1). For coagulase test the micrococci were inoculated from plate 
cultures in tubes containing 1 ml of 1/10 saline dilution of human 
plasma. The results were read after 20 hours’ incubation at 37°C. 


DISCUSSION AND CONCLUSIONS 


The characteristical swarming properties of Proteus mirabilis 
and Proteus vulgaris often make the detection and isolation of 
other bacteria from the same samples difficult. The results presented 
here rather clearly show the usefulness of the PPC plate when 
detecting micrococci from samples containing any of these two 
Proteus species. The advantage of the PPC plate was not so 
apparent when detecting micrococci from samples containing 
Pseudomonas aeruginosa. The metabolic products of Pseudomonas 
aeruginosa can also inhibit the growth of other bacteria. Its 
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swarming properties are less marked than those of Proteus mirabilis 
and Proteus vulgaris. Therefore, the detection of accompanying 
micrococci by the usual methods is easier in Pseudomonas samples 
than in those containing the Proteus species. The increase in mixed 
flora is rather large, according to our series, and it seems reason- 
able to presume it to be caused mostly by the selective culture 
method used. It is well known that the use of antibiotics has 
increased the number of infections where Proteus and Pseudomonas 
species are secondary invaders, Perhaps this could be partly 
responsible for the observed increase in frequence of the mixed 
floras. 

Due to the effective selectivity of the PPC plate, even relatively 
small amounts of micrococci can be detected. Because it is possible 
to differentiate between Micrococcus pyogenes and Micrococcus 
saprophyticus directly with the PPC plate, a lot of time is also saved 
by its use. It is recommendable to use the PPC plate as a primary 
culture medium in cases where the micrococci are supposed to 
grow as a mixed flora, especially together with Proteus and Pseudo- 


monas species. 


SUMMARY 


When phenolphthalein phosphate-chromate plate was used as a 
primary culture medium the isolation of micrococci from samples 
containing Proteus mirabilis could be performed nearly six times, 
from samples containing Proteus vulgaris three times, and from 
samples containing Pseudomonas aeruginosa nearly two times 
more often than before. 

Of the over 3000 tested micrococci 92.2 per cent gave identical 
results in the coagulase and phosphatase tests. 
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EFFECT OF ETHYL ALCOHOL ON THE SUSCEPTIBILITY 
OF MICE TO STAPHYLOCOCCAL INFECTION 


I 


by 
O. WASZ-HOCKERT, TIMO KOSUNEN, and J. KOHONEN 
(Received for publication May 10, 1958) 


This investigation, a link in a long-term study program con- 
cerning the effect of various factors on the host-parasite relationship, 
deals with the question of whether the use of ethyl alcohol affects 
the resistance of the host organism to infections, a point of clinical 
and social interest. 

The review by Pickrell (5) showed that the effect of alcohol 
intoxication on infection and immunity has been a subject of 
experimental study since back in 1885 when Koch (2) found that 
guinea pigs, when given alcohol and inoculated with cholera, were 
more susceptible to cholera than the contro! animals without 
alcohol. The problem was also studied in Finland some fifty years 
ago by Laitinen and Oker-Blom (3, 4). 

Although it is generally agreed that the survival time is shorter 
for infected, alcohol intoxicated animals than for non-intoxicated 
ones, no sufficient explanation has been given of the probable 
resistance-lowering effect of alcohol. 

The problem is still worth attention. The use of a method by 
which it is possible to measure quantitatively the degree of in- 
fection seemed to be indicated. 


Aided by grants from the Finnish Foundation for Alcohol Studies and State 
Commission for Sciences. 
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In approach to the problem the present authors used a staphylo- 
coccal infection and a mice strain the host-parasite balance of which 
is well known from previous experiments (7, 8). 


MATERIAL AND METHODS 


Mice. — One hundred and thirty-five Swiss Albino Webster 
mice, ranging in weight from 19.5 to 25 g, were used. 

Bacterial Culture. — Staphylococcus aureus, strain ’Orion’, 
cultured for 24 hours in broth, was used in an 1:2 dilution. The 
challenge dose was 0.2 ml intravenously in one of the tail veins. 

Ethanol. — Eight per cent w/w ethanol-water was used. 

Technique. — The technique employed involved noting the 
survival time and making a bacterial enumeration. The quantita- 
tive method of bacterial enumeration is described in detail earlier 
(6, 7). 


PLAN OF THE EXPERIMENT 


The mice were kept in wire mesh bottom cages, 15 mice to a 
cage, in an air conditioned room. Food pellets of a standardised 
composition were available ad libitum. 

120 mice were challenged. They were divided into two equal 
groups and treated as follows: 

Ethanol Group. — In each cage an inverted bottle of drinking 
fluid containing an aqueous solution of ethanol was available for the 
mice. 

Control Group. — The fluid intake in these cages was arrenged 
in the same way as for the former group except that the bottles 
contained water only. 

15 mice were treated as follows: 

A Second Control Group. — These mice were not challenged, but 
were given ethanol as in group 1. 

Mice mortality records were kept and the survival time cal- 
culated. In groups 1 and 2, one mouse from each cage was with- 
drawn by random sampling. Thus, 8 mice a day were taken during 
the first five days, then three times weekly. The mice were sacri- 
ficed, the spleen, liver and kidneys removed by sterile technique, 
homogenized and further investigated by the bacterial enumeration 
technique mentioned above. 
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RESULTS 


Ethanol in given doses did not alter the behavior of the mice, 
nor were there any detectable amounts of ethanol in their blood, 
determined by the Widmark method. No differences were observed 
in the increase of weight in the three groups. _ 














TABLE 1 
fies Number Cumulative Number of Deaths 
of Mice | 2| 4| 6] 8 |10/12]14] 16 Days 
Ethanol group.......... 60 0;0;2/5/]6/] 8] 11 13 
CORIO GPOUN 64.6554 60 107 T2483 44 1 a 






































Survival. — The mice of the ethanol group were thus susceptible 
to staphylococci: 13 out of 60 mice died in comparison with one 
out of 60 in the control group (Table 1). The difference between 
the groups is highly significant (P < 0.005). 

A second control group of 15 mice was kept in the same con- 
ditions as the ethanol group, except for the staphylococcal infec- 
tion. Not one of them died during 6 weeks. 

Bacterial Enumeration. — The number of bacteria in the organs 
(spleen, kidneys and liver) was determined during the experiment. 
The results are shown in Figs. 1—3. 

The bacterial population curves do not show any statistically 
significant differences between the ethanol and non-ethanol groups 
in either spleens or kidneys. In the spleens the infection seemed 
to be washed out relatively rapidly. In the kidneys, however, the 
staphylococcal infection was persistent and within 3—5 days 
foci were seen macroscopically. 

The determinations from the livers, on the other hand, showed 
that the number of staphylococci in the mice group given ethanol 
was significantly higher than in the animals which did not receive 
ethanol. As Fig. 3 shows, the bacterial population curve of the 
control mice declined in a very similar way to the curve illustrating 
the process in the spleen. In the ethanol group the staphylococcal 
population in the liver declined during the first 4 days in the same 
way as in the control group. From the 4th day on to the end of the 
experiment, the staphylococcal population in the ethanol group was 
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considerably greater than in the control group. The difference 
between the ethanol group and the control group is highly signifi- 
cant (P < 0.001), as can be seen from Table 2. 












































TABLE 2 
Ethanol Group Control Group 

Log. Viable Log. Viable Degrees 
Days | Staphylococci n | Staphylococci | | of t P< 

per ml Liver per ml Liver Freedom 

(Mean) (Mean) 
1— 4 3.44 12 3.49 12 22 — 
5—20 1.94 28 0.33 28 54 4.128 | 0.001 
1—20 2.39 40 1.28 40 78 2.413 | 0.025 
DISCUSSION 


The investigations reported in the literature generally concern 
ethanol intoxication in rabbits in relation to various bacterial and 
viral infections. 

In this investigation the authors dealt with the continuous use 
of ethanol in a dosage which did not affect the behaviour of the 
mice. The investigation of Arvola et al. concerning the behavior of 
rats (1) and mice (personal communication) given various amounts 
of ethanol confirm our observations of the clinical effects of ethanol 
on this ethanol level. 

We have found that the mouse is a very useful experimental 
animal for this kind of study. The staphylococcal infection in mice 
measured by the bacterial enumeration technique seems to be suit- 
able for these experiments. 

The survival time difference between infected mice receiving 
ethanol and control animals is, evident from the present study. 
Analogous results have frequently been reported for various 
infections. 

An observation of interest, however, is that the bacterial popula- 
tion in the livers of ethanol-consuming mice is significantly higher 
than in the livers of control mice. This observation indicates the 
need for further studies. 
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SUMMARY 


Eight per cent ethanol as drinking fluid curtailed significantly 
the survival time of mice infected intravenously with staphylococci. 

Using a bacterial enumeration technique, the authors were able 
to prove that the number of viable staphylococci in the liver of 
ethanol consuming mice was significantly higher than the value 
for the control group. The staphylococcal population in the kidneys 
and spleen grew similarly in both the alcohol and the control groups. 
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Myxoviruses (influenza, NDV, mumps) possess an ability to 
agglutinate the red cells of several animal species, to destroy the 
receptors in them and to be eluted spontaneously, especially at 
the temperature of 37° C. After an elution has taken place, the 
following changes in the red cells have been noticed: a) If the 
treatment has been sufficient the cells are no longer agglutinable 
by myxoviruses (13). There are differences, however, in the ability 
of various viruses and strains to destroy receptors (4). b) The 
electrophoretic mobility of the red cells has been changed (11, 1). 
c) The cells have, under certain experimental conditions, become 
hemolysed by mumps (21) and NDV viruses (17) or they exhibit 
an increased osmotic fragility (21). d) The Rh, (D) blood group 
receptor has been destroyed or released by mumps virus (2) and 
the »mononucleosis receptor» of sheep erythrocytes by influenza 
viruses (25). e) The cells have become agglutinable by incomplete 
anti-Rh, (D) agglutinins (influenza virus) (6, 26), by several normal 
sera (4) as well as by some plant agglutinins which do not agglutinate 
untreated cells (20). /) The cells have become susceptible to hemol- 
ysis by fresh guinea-pig serum in dilutions up to 1 to 10 (26). As 
far as the present writers are aware, virus treatment has not been 


1 Aided by a grant from Sigrid Jusélius Foundation. 
2 Aided by a grant from Emil Aaltonen Foundation. 
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found to cause other changes in red cells. Thus their ability to 
absorb isoagglutinins remains unaffected (23). We do not know 
of any studies having been made in the treatment’s effect on other 


blood group receptors. 

On the other hand, it is known that periodate treatment easily 
makes red cells inagglutinable by myxoviruses (12) as well as by 
anti-M, anti-N and anti-Rh, (D) (22). 

In view of these observations the effect of virus treatment on 
the M and N was examined in this work. Since the chemical struc- 
ture of both the blood group substances and the substrate of virus 
enzymes in particular are being actively studied, it would profit 
each if correlations could be found between the two fields. 


MATERIAL AND METHODS 


Virus strains: Influenza PR8 
Influenza A/Finland/1/53 
Influenza B Lee 

Immune Sera. — Three rabbit immune anti-M and three anti-N sera, 
one human immune anti-A and one human immune anti-B were used. 
The rabbit sera were diluted with 30 to 180 fold amounts of saline followed 
by absorption with human red cells (e.g. the anti-M with A,N cells) so 
as to eliminate unspecific antibodies. Standard reagents so obtained were 
solely used in the work. Anti-A and anti-B were diluted before use with 
a ninefold amount of saline. 

Preparation of Virus Allantoic Fluids. — 0.2 ml of virus allantoic 
fluid diluted 10—% to 10—5 in tryptose phosphate broth and containing 500 
units of penicillin and 500 wgs of streptomycin per ml was inoculated into 
the allantoic sac of embryonated eggs which had been previously incubated 
for 10—12 days at 37° C. The eggs were further incubated for 48 hours 
at 35° C and chilled overnight at + 4° C. The allantoic fluids were 
harvested, pooled and, after some hours storing at + 4°C, cleared by 
centrifuging for 15 minutes at 2500 r.p.m. at 0° C in a refrigerated centri- 
fuge. The supernatant served as the virus allantoic fluid used in the experi- 
ments. 

Preparation of Control Allantoic Fluids. — A technique identical with 
that above was used in the preparation of the control allantoic fluid except 
that instead of diluted virus allantoic fluid the diluent, tryptose phosphate 
broth, was inoculated into the eggs. 

Treatment of Human Red Cells with Viruses. — Packed, washed human 
red cells were suspended in virus allantoic fluid with a hemagglutination 
titre of 1/2048 (determined with Salk’s pattern method (23a) using 0.5% 


1All strains were obtained through the courtesy of Dr. Kari Penttinen, 
State Serum Institute. 
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chicken cells) and in control allantoic fluids to give a 0.75% and 2% sus- 
pension respectively. Appropriate amounts of penicillin and streptomycin 
were added to give a final concentration of 500 units and 500 ygs per ml. 
The cell suspensions were kept at 37° C for 22 hours during which time 
the flasks were shaken several times. The cells were washed three times 
with saline and used as an approx. 3% suspension in agglutination 
experiments. 

Agglutination and Absorption Experiments. — These were made at 
room temperature (19—21° C) if not stated otherwise. Each amount of 
serum was absorbed only once with varying cells/serum proportions. 
Titrations of the sera were made in bulk in saline before distributing 9.05 ml 
volumes to the agglutination tubes with a Pasteur pipette. Equal amounts 
of 3% red cell suspensions were added and the results were read after 
approx. two hours with the naked eye. The denominators of the final 
dilutions causing a clear agglutination are given in the following as titres 


of the sera. 


RESULTS 


Agglutination of Virus-treated Red Cells. —- The results are in 
Table I and Fig. 1. Red cells treated with normal allantoic fluid 
behaved quite like usual test cells. The virus treated cells were 
agglutinated by most human AB sera the titre varying between 
1 and 32. They were not markedly agglutinated in saline. 


TABLE 1 


THE EFFECT OF VIRUS TREATMENT OF RED CELLS ON THEIR AGGLUTINABILITY 
BY RABBIT ANTI-M AND ANTI-N SERA 























Red Cells Treated with 
Interaction Serum| Normal 
Allantoic PR8 AF/53 Lee 
Fluid 
Anti-M v. M cells Mso4 4 8 1 1 2, 4 1 
M15 16 16 4 4 2 4 1 
My, 16 16 1 1 1 1 1 
Anti-M v. N cells Mso4 — — — — — — — 
Mgi5 — — 2 4 2 2 1 
Mo, — — 1 1 1 1 1 
Anti-N v. N cells Nsgs 8 8 4 4 4 1 
Ngi3 8 4 1 2 1 1 
Ns01 8 4 8 4 4 2 
Anti-N v. M cells Nees 12 — 2 1 Ze 8 
Ngi3 — — 2 2 1 2 
Ns01 — 4 4 4 8 
Anti-A v. A, cells 16 16 16 16 16 16 
Anti-B v. Ay cells — — — — — — 
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Anti-M sera agglutinated the virus treated cells weakly almost 
without respect to the MN groups. The average titre against the 
M cells was a little higher than that against N cells, though. The 
unspecific agglutination of virus treated cells was stronger by 
anti-N sera than by anti-M sera. No clear N specificity could be 
established. 

The reactions with anti-A and anti-B sera of the virus treated 
cells and the control cells were very much alike. 

Experiments like those described above were also made at the 
temperature of 37° C. The results being more difficult to interpret 
because the control cells showed considerably weaker agglutination 
by the sera were similar to the results above. 

Absorption Experiments. — The results are given in Fig. 2. Cells 
treated with the Lee virus were found to absorb human immune 
anti-A and anti-B agglutinins almost as readily as the control cells. 
Anti-M and anti-N, on the contrary, do not seem to be absorbed 
by them at all while these agglutinins are easily absorbed by the 
control cells. 


DISCUSSION 


Interpretation of the results given in Table 1 and Fig. 1. is 
hampered by the fact that virus treated cells are agglutinated 
unspecifically by the rabbit sera used. Earlier studies have shown 
red cells treated with proteolytic enzymes (29, 24, 16) or with 
diphphteroid »T-bacteriay (16) to behave in like manner. This 
phenomenon has been accounted for by assuming that the reagents 
used contain some residual traces of unspecific antibodies despite 
attempts to remove them by absorption. These residua are not 
enough to agglutinate intact red cells but they suffice to agglu- 
tinate enzyme treated red cells (29). 

Because of the unspecific agglutination it is the author’s opinion 
that absorption experiments give a more reliable answer to the 
question of the existence of blood group receptors in virus treated 
cells. On the basis of them it seems obvious that M and N receptors, 
for the significant part at least, have been destroyed or released 
while A and B receptors have remained intact. The resistence of A 
and B receptors toward s virus treatment has been demonstrated 
earlier (23). 

In our studies all influenza virus strains proved equal destroyers 
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of M and N receptors. This did not come as a surprise since these 
strains obviously all affect the same receptor and for the detection 
of any quantitative differences the adopted virus treatment tech- 
nique was too efficient because each strain was capable of making 
the cells unagglutinable by other strains. 

Comparative studies on the ability of different myxoviruses to 
destroy the M and N receptors of red cells could perhaps throw 
light on the interrelationships of the myxoviruses. This new method 
of measuring the virus receptors of red cells might, in particular, 
yield further information about a different receptor possibly em- 
ployed by some myxoviruses (27, 28). 

There is not much knowledge about the structure of M and N 
blood group substances. It has been demonstrated that a poly- 
saccharide fraction isolated from the stroma of red cells inhibits 
corresponding agglutinins specifically (14). Judging by this it would 
seem that the M and N blood group substances are polysaccharides; 
but the structure of the »receptors», i.e. terminal groups responsible 
for the specifity, is unsolved as far as the authors know. 

One of the reasons why this study was undertaken was the 
considerable amount of data recently obtained of the substrate of 
the influenza virus enzyme responsible for receptors destruction 
of red cells. A view which is gaining ground is that sialic acid, the 
group name for all acetylated neuraminic acids, has a key position 
in the structure of the substrate. It has been shown that: a) Virus 
enzyme splits off a chromogenic substance probably sialic acid 
from human erythrocyte stromata (15); and the isodynamic receptor 
destroying enzyme of Vibrio cholerae cleaves N-acetylneuraminic 
acid from stromata. This has been isolated in crystalline form (19). 
b) Virus splits off the sialic acid unit from some soluble mucins 
capable of inhibiting the viral hemagglutination (7, 18), and from 
neuramin-lactose, a compound of known structure. The linkage 
cleft in neuramin-lactose is of the 0-glycosidic type (9). c) neura- 
minic acid in combination with a trace of galactosamine, possess 
inhibitory action on virus hemagglutination (3). 

On basis of the above data the virus enzyme has been defined 
as sialidase or neuraminidase cleaving the ketosidic linkage joining 
the acetylated neuraminic acid to another sugar or sugar derivative. 
Gottschalk even holds the opinion that the sialic acid unit cleft 
takes a terminal position (10). 
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Neuraminidase is the only known influenza virus enzyme (8). 
If splitting off of terminal sialic acid units is the only change caused 
by the viruses it should be possible to conclude, on the basis of 
the above results, that sialic acid is an essential part of the M and 
N receptors. This suggestion is perhaps supported by the observation 
that N-acetylneuraminic acid! inhibits rabbit anti-M and anti-N 
agglutinins though weakly (5). 

The supposed relationship between the viral and MN receptors 
is compatible with the fact that both are easily destroyed by the 
periodate treatment (12, 22). On the other hand, red cells whose MN 
receptors have been destroyed by papain are agglutinated by 
viruses as normal cells (5). 

Some light could perhaps be thrown to the relations between 
viral and blood group receptors by investigating digests prepared 
from erythrocytes by enzymes or by viruses. This work is under 


preparation. 


SUMMARY 


It has been found that after treatment with influenza viruses 
(PR8, A/Finland/53, Lee) human red cells of blood groups M and 
N are not agglutinated specifically by their homologous rabbit anti- 
sera, nor are they capable of absorbing these antibodies. The 
treated A and B cells are agglutinated by human immune anti-A and 
anti-B like the control cells and they absorb anti-A and anti-B 
nearly as readily as the control cells do. The implications of these 
findings with regard to the study of the structure of the M and N 
receptors is discussed. 


Note Added in Proof. — After the submission of this paper the writers 
became aware of the work by G. F. Springer and N. J. Ansell in Proc 
nat. Acad. Sci. 1958:44:182 in which it was reported, that certain in- 
fluenza viruses and R.D.E. of Vibrio cholerae are capable of inactivating 
or removing agglutinogens M and N. 


1 The sample of N-acetylneuraminic acid was kindly provided by Dr. Lars 
Svennerholm, Medicinisk-Kemiska Institutionen, Géteborgs Universitet, Géte- 


borg, Sweden. 
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As far as we know, the chemical character of the aldehyde- 
fuchsin-positive substance has not been clarified, and quite prob- 
ably this response is not even specific to any one homogeneous sub- 
stance. This is already indicated by the fact that the said substance 
is encountered in tissues of so greatly different character (5). The 
occurence of aldehyde-fuchsin-positive substance in the cells of 
the central nervous system of vertebrates has been studied very 
little only. Most abundantly this substance is found in the hypo- 
thalamo-neurohypophysial neurosecretory system. Its distribution 
there is the same as that of the so-called Gomori substance (2, 7). 
The substance is encountered in the cells of the supraoptic nucleus 
as well as the paraventricular nucleus and in the tracts leading 
from these to the neurohypophysis, as also in the cellular tissue 
of the neurohypophysis. Aldehyde-fuchsin-positive substance also 
occurs elsewhere in the region of the central nervous system, 
above all in some paraventricular formations, e.g., in the subcom- 
missural organ (17). In some other nerve cells, too, such as in the 
cells of the nucleus of the third cerebral nerve, aldehydefuchsin- 
positive substance is noted, although it differs from the previously 
mentioned occurrences in regard to its intensity of staining (14). 


1 This study was supported by grant from the State Commision of Natural 
Sciences. 
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In the Purkinje cells of the cerebellum, aldehyde-fuchsin- 
positive substance has previously been observed in man (13). The 
purpose of the present investigation was to study the presence and 
distribution of the said substance in the Purkinje cells of some 
laboratory animals and, at the same time, to compare it with the 
PAS-positive substance. 


MATERIAL AND METHODS 


The series consisted of cerebella of the rabbit, guinea pig, hamster, 
rat and mouse. Only fresh material was used. It was endeavoured 
to avoid pdstmortal injuries during removal of the brain from the 
skull. The parts of the cerebellum were immediately immersed in 
Bouin’s fluid and in 10% formalin solution. Fixation was performed 
for not less than 24 hours. Embedding in paraffin. The sections were 
cut sagittally, transversally and vertically at 5 to 20 micra. After 
deparaffinization and dehydration through the alcohol and xylene, 
aldehyde-fuchsin staining was performed according to Gomori’s 
method as modified by Landing ef al. (9). 

PAS staining was carried out according to the method of 
McManus. Part of the specimens were stained after saliva treatment. 
The comparison studies between different animal species were 
carried out in identical conditions, at one and the same time and 
with the same solutions. 


RESULTS 


Aldehyde-fuchsin-positive substance could be demonstrated as 
small granules in the cytoplasm of the Purkinje cells in the cere- 
bellum of all investigated animals. The substance occurred exclu- 
sively as granules, which could, however, form agglomerations of 
verying size. Granules and granule clusters could also be seen 
around the Purkinje cells as a narrow zone on the boundary between 
the molecular layer and the granular layer. The last-mentioned 
substance occurred particularly abundantly around the cell bodies 
in the fibullary network but it was also observable elsewhere in the 
interstices of the Purkinje cells. No particular tendency of the 
material to accumulate around blood vessels could be noted although 
it was encountered also around the vessels. 
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— Purkinje cell of the guinea pig. Aldehyde-fuchsin-positive granules 


Fig. 1. 
it of emergence of the dendrites. x 480. 


outside of the cell near the poi 





Fig. 2. — Purkinje cells of the mouse. Aldehyde-fuchsin-positive granules 
inside the cells. x 480. 
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Although the substance under consideration was established 
in all investigated animals, certain small variations could be noted 
in its distribution. The rabbit had granules mostly in the cyto- 
plasm of the Purkinje cells, only a very small amount outside of 
them. With the guinea-pig, again, granules could be seen in dis- 
tinctly greater quantity outside of the Purkinje cells near the 
point of emergence of the dendrites; the hamster had abundant 
granules outside the Purkinje cells and particularly between the 
molecular layer and the granular layer along their boundary line, 
although more abundantly on the side of the molecular layer. In 
the rat, granules were observed abundantly outside the cells and 
only in small quantities the cells themselves, whereas the mouse 
had more granules inside the cells. In all animals the granules 
within the cells were found to be accumulated primarily in the 
upper part of the cell near the cell membrane, while hardly any 
granules occurred in the basal part of the cells, (fig. 1 and 2). 

The PAS-positive granules appeared to behave completely 
in accord with the aldehyde-fuchsin-positive granules, and it is 
therefore obvious that one and the same substance was stained by 
both methods. 


DISCUSSION 


It is evident from the result of the investigation that aldehyde- 
fuchsin-positive substance occurs in all animals investigated in this 
instance, and we are thus concerned with a biologically consistent 
phenomenon although the distribution of the granules among the 
different zones of the Purkinje cells did not seem to be fully identical 
in the different animals. 

Nothing can be said with certaintly in regard to the character 
of the aldehyde-fuchsin-positive granules on the basis of this investi- 
gation. The staining method is not specific for any one definite 
chemical substance; on the contrary obviously substances of very 
variegated chemical character, such as e.g. certain proteins and 
mucopolysaccharides, respond positively to aldehydefuchsin owing 
to certain structural parts of their molecules (4, 1, 12). The method 
was originally developed for the staining of elastic tissue but it has 
later been found to be suitable (9), among other things, also for 
the description of the secretory functions occurring in the nerve 
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cells. In this respect the method can be parallelled with Gomori’s 
chrome-alum-hematoxylin-phloxin method (2, 7, 9). The similar 
distribution of the PAS-positive substance in the Purkinje cells and 
in their neighbourhood might imply that one and the same substance 
is concerned. PAS-positively indicates the presence of polysaccha- 
rides and glycoproteins. Immersion in saliva does not cancel the 
response, which excludes the possibility that a reaction produced 
by polysaccharides would be concerned and rather argues in favour 
of a carbohydrate-protein complex (3). 

Hypotheses in favour of a secretory function of the Purkinje 
cells have been presented before (10, 11, 16). The strong acid 
phosphatase activity of the Purkinje cells, too, would indicate 
this (8). On the other hand the aldehyde-fuchsin-positive granules 
now in question cannot be compared with the hypothalamic 
neurosecretory material because it is not PAS-positive (6). Also, the 
neurosecrete granules of the dog, for instance, are not similar under 
the phase contrast microscope to the granules of the Purkinje cells 
(15), nor is the distribution of the granules now in question in the 
Purkinje cells and in their vicinity indicative of any phenomenon 
corresponding to that of the neurosecretion in the hypothalamus. 


SUMMARY 


The aldehyde-fuchsin-positive granules occurring in the Pur- 
kinje cells of the cerebellum of the rabbit, guinea-pig, hamster, 
rat and mouse were investigated. They were found to exist in all 
investigated animals, although grouped according to distribution 
patterns characteristic of each species. The correlation between 
the occurrence of this substance and the potential neurocrine activ- 
ity of the Purkinje cells has been discussed. 
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THE GANGLION CELLS OF THE AUTONOMIC NERVOUS 
SYSTEM 


INVESTIGATIONS ON SOME DOMESTIC ANIMALS, WITH SPECIAL REFER- 
ENCE TO THE ALDEHYDE-FUCHSIN POSITIVE GRANULES 


by 
S. TALANTI and E. KIVALO! 


(Received for publication June 24, 1958) 


A large amount of evidence based on morphologic and physio- 
logic studies (16) and apparently conclusive has been produced in 
support of Scharrer’s neurosecretory theory. The secretory function 
of the nerve cells could be observed in the area of the nucleus 
supraopticus and the nucleus paraventricularis in the hypothalamusn 
of various species, while the neurosecretion in other parts of the 
nervous system is still enigmatic. Morphologic investigations have 
not yielded as clear results as in the above nuclei. According to a 
number of investigations cytoplasmic granules or vacuoles produced 
with various staining methods were to be found in the nerve cells 
of the autonomic nervous system (2, 4, 5, 6, 7, 9, 10, 13, 14, 15, 19). 
These formations are, as a rule, explained to be either degenerative 
phenomena or appearances of neurosecretion, but no actually 
conclusive evidence has been presented in favour of one or the other. 

The histologic investigation of the secretion of the central 
nervous system is made according to a few staining methods 
applicable in demonstrating the neurosecretory material. Gomori’s 
chrome-alum-haematoxylin-phloxin method and Gomori’s aldehyde- 

1 Aided by a grant from the Natural Science Committee of the State. 


26 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 4. 
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fuchsin method are the most important and the most used methods, 
The first mentioned method is also employed in the investigation of 
the ganglion cells of the autonomic nervous system (4, 5). Previously 
these ganglion cells have not been investigated with the aldehyde- 
fuchsin method, according to literature accessible to us. This 
method has proved to be particularly applicable in demonstrating 
neurosecretory phenomena in the hypothalamic-hypophysial system 
(3, 11, 12). The purpose of this study was to investigate eventual 
neurosecretory phenomena of the ganglion cells of the autonomic 
nervous system by using the aldehyde-fuchsin method, furthermore, 
to demonstrate the distribution of the aldehyde-fuchsin positive 
material in these cells. 


MATERIAL AND METHODS 


The series consisted of the ganglion cervicale craniale, the 
ganglion thoracale primum, and the ganglion mesentericum craniale 
of cattle, horses, dogs, and cats. The material was removed as soon 
as the animals were killed. It was fixed in Bouin’s solution or 
10 per cent formalin. After paraffin embedding applicable pieces 
were cut at 5—10 micra sections. A modification of the aldehyde- 
fuchsin method (12) was employed after deparaffinization and 
hydration through xylene and alcohol series. 


RESULTS 





Fig. 1. — Section from the ganglion cervicale craniale of a cow. Aldehyde- 
fuchsin method. x 400. 
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Fig. 2. — Group of cells from the ganglion thoracale primum of a dog. 
Aldehyde-fuchsin method. x 220. 
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Fig. 3. — Ganglion mesentericum craniale of a horse. Aldehyde-fuchsin 
method. x 400. 


In the ganglion cells the aldehyde-fuchsin positive material was 
to be found in the shape of small granules (Fig. 1—-3). The similar 
observations could be made on every ganglion of all the animals of 
this investigation. The ganglion cells were not found to be alike. 
It could be observed that the amount of the material in different 
cells varied considerably. In some cells granular material was 
entirely absent, in the others only a small amount was found. The 
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granules were in those cells which contained the largest amount of 
material in semilunar aggregations at one of the poles of the cell 
in the peripheric zone of the cytoplasm. In general, the granulation 
occurred only in some areas of the cytoplasm. It seemed to be 
mostly in the periphery. Some granules could be found between the 
ganglion cells outside the cell bodies in the immediate neighbour- 
hood of the cells. 





DISCUSSION 


The aldehyde-fuchsin positive material is apparently not homo- 
genous at all. This opinion is supported by the fact that this material 
was to be found in various tissues (8). In the hypothalamic-hypo- 
physial system of the central nervous system it is identical with 
Gomori’s substance, which contains the principles of the posterior 
lobe of the hypophysis (1). The aldehyde-fuchsin positive material 
occurred in the shape of granules in some parts of the central 
nervous system e.g. in the nucleus of the third cranial nerve (17) 
and in the Purkinje cells (18). Whether the aldehyde-fuchsin 
material in these cells is the result of the secretion of the nerve 
cells or not, is difficult to decide without comprehensive investi- 
gations e.g. as to the eventual physiologic effect of the secret. The 
answer to this problem awaits a more detailed study. Nothing 
positive as to the aldehyde-fuchsin positive material of the auto- 
nomic ganglion cells can be said, either. 


SUMMARY 


The series consisted of certain ganglia of the autonomic nervous 
system of cattle, horses, dogs, and cats. It was investigated accord- 
ing to Gomori’s aldehyde-fuchsin method. The aldehyde-fuchsin 
positive material was to be found in the shape of granules in every 
ganglion of all the species of this investigation. The nature of the 
material was discussed. 
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OBSERVATIONS ON THE DISTRIBUTION OF ACID PHOS- 
PHATASE IN THE BRAIN STEM OF THE RAT 


by 
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S. TALANTI, L. LEHTINEN, and E. KIVALO! 


(Received for publication July 12, 1958) 


In a previous investigation, two of the present authors have per- 
formed a histochemical comparison with regard to the acid phos- 
phatase activity in the cerebellum of the rat, particularly between 
its various cell groups, and they have compared this activity with 
the acid phosphatase of the choroid plexus in the fourth ventricle (2). 
In 1952, Leduc and Wislocki investigated the histochemical local- 
isation of certain enzymes in the structures comprising the haemato- 
encephalic barrier of the rat (3). In the results presented by them, 
these authors state that they have observed a strong acid 
phosphatase activity particularly in the cytoplasm of the motor 
cells of the brain stem and a distinct activity in the cytoplasm and 
the nuclei of the cells in the area postrema. In the present investiga- 
tion the objective was to institute a comparison between the 
different parts of the brain stem of the rat with regard to their 
acid phosphatase activity, i.e., primarily with regard to its histo- 
chemically demonstrable general distribution. 


MATERIAL AND METHODS 


Altogether eight adult white rats, half male and half female, 
were used for this investigation. They were rapidly killed by decapi- 


1 Aided by a grant from the State Commission for Sciences. 
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tation. Subsequently, the brain and the medulla oblongata were 
prepared out rapidly and treated for the histochemical demonstra- 
tion of phosphatase according to Erank6’s modification as was 
done in the preceding work (1, 2). From part of the material cuts 
were made with the freezing microtome in the usual manner by 
cutting the tissues transversally, whereas part of the material was 
cut in the horizontal and sagittal planes. 


RESULTS AND DISCUSSION 


On investigation the acid phosphatase activity in the various 
parts of the brain stem with the rat, primarily a comparison was 
performed to that strong activity which was observed to exist in 
the choroid plexus, as has been shown in earlier investigations (3). 
In fig. 1 a strong activity can be seen in the plexus chorioideus of 
the lateral ventricle, and the same photograph also shows the 
amygdaloid nucleus and part of the cortex of the temporal lobe. 
— On examining the various parts of the mesencephalon, it can be 
observed that throughout the whole cut surface of the tissue the 
structure of the different parts is clearly visible. This can also be 
noted in the other parts of the brain which were investigated. It 
shows that in the longitudinal and transversal cuts of the axons 
the acid phosphatase activity is made visible although the general 
impression is one of fairly feeble strength. Slightly stronger activity 
is observed around the aqueductus Sylvii in the region of the sub- 
stantia grisea. On the other hand the crura cerebri and the colliculi 
are faintly active (fig. 2). The substantia nigra is not much different 
from its surroundings but the red nucleus (fig. 3) and the 
surround ingformatio reticularis are more strongly active, partic- 
ularly so the cells of the red nucleus. However, the cells of the 
oculomotor nucleus and the area in their immediate vicinity are 
most active of all in this region of the nervous system (fig. 4). — 
In the metencephalic region, activity of corresponding strength is 
observed particularly in the area of the nuclei pontis (fig. 5). Else- 
where, there only the general structure of the tissue is visible 
except in places where nuclei of the various cerebral nerves are 
encountered and where at their sites a strong acid phosphatase 
activity is obvious. — In the area of myelencephalon there is still 
a strong activity in the nuclei of the cerebral nerves (fig. 6), but, 
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Fig. 1. — The acid phosphatase activity of the plexus choroideus of the 
lateral ventricle and in amygdaloid nucleus of the rat. x 30. 
Fig. 2. — The poor acid phosphatase activity in the colliculus rostralis of the 
rat. x 120. 


Fig. 3. — The acid phosphatase activity of the nucleus ruber and in the formatio 
reticularis of the rat. x 48. 

Fig. 4. — The acid phosphatase activity of the nucleus originis nervi oculo- 
motorii of the rat. x 48. 


Fig. 5. — The acid phosphatase activity of the nuclei pontis of the rat. x 48. 


Fig. 6. — The acid phosphatase activity of the nucleus nervi hypoglossi of the 
rat. Horizontal section. x 120. 
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Fig. 7. — The acid phosphatase activity of the decussatio pyramidum of the 
rat. x 48. 


Fig. 8. — The acid phosphatase activity of the corpus restiforme and in the 
nucleus olivaris. x 120. 


Fig. 9. — The strong acid phosphatase activity of the area postrema of the 
rat. x 120. 


Fig. 10. — The acid phosphatase activity of the formatio reticularis in the 
medulla oblongata of the rat. x 48. 


as was already observed in the foregoing, the cross-section of the 
cortico-spinal tract, for instance, shows fairly poor activity also 
here at the decussation of the pyramids (fig. 7). In areas where nerve 
cells are encountered abundantly, such as in the neighbourhood 
of the corpus restiforme and at the olivary nucleus, the activity is 
stronger (fig. 8). Particular attention is called to the region of 
area postrema (fig. 9), where a stronger acid phosphatase activity 
exists than in its immediate surroundings, as has already been 
observed before (3). 

In the cross-cut of the myelencephalon, as well as in its longi- 
tudinal sections, very strong activity is noted in the region of 
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the formatio reticularis, which is clearly different from that of 
the formatio reticularis of the mesencephalon higher up. Further- 
more, one can particularly observe here (fig. 10) the strong acid 
phosphatase activity in the marginal region of the formatio retic- 
ularis, where the activity is of such strength even when produced 
with a short incubation time that it is not possible to distinguish 
cell structures but the precipitated sulphide of lead has been 
deposited as a thick, coherent zone which is encountered in all 
cross-cuts in the entire region of the medulla oblongata. — How- 
ever, even this activity does not surpass that in the choroid plexus- 
es, but it is at least of the same order as the activity demonstrable 
in the cells of the motor nuclei of the brain stem. The strong acid 
phosphatase activities of the formatio reticularis as well as the area 
postrema are indicative of their important significance, which 
continues even at this moment to be one of the most essential 
objects of study in the investigation relating to the central nervous 
system. 


SUMMARY 


A histochemical study has been made of the acid phosphatase 
activity in the brain stem of white rats and of its distribution in 
this region. It is observed that, as a consequence of the activities 
of varying strength, the entire structure of the brain stem is made 
visible by this method. The strongest activity was observable in 
the region of the motor nuclei of the brain stem, in that of the for- 
matio reticularis of the medulla oblongata, and in that of the 
area postrema. 
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SYNTHESIS OF £-AMINOPROPIONITRILE-1-4C 


by 
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(Received for publication June 6, 1958) 


The intention was to study the metabolism of labelled 6-amino- 
propionitrile (the toxic substance in Lathyrus-seeds). A correspond- 
ing investigation has been done with aminoacetonitrile (1), but the 
results are not necessarily relevant to the impairment of connective 
tissue synthesis and large part of the products remained unidenti- 
fied. The synthesis of 4-aminopropionitrile was modified from the 
described procedures (2, 3). However, due to the instability of the 
materials this approach seems impracticable. The chromatographic 
behaviour of the £-aminopropionitrile was also noted. 


EXPERIMENTAL 


Synthesis. — Concentrated solution of ammonia (pure grade) was 
heated at water bath up to +30°C. Acrylonitrile (Fluka A.G., pure) was 
allowed to flow from a separating funnel to the bottom of the two-necked 
reaction flask which was also connected to a reflux condenser. The optimal 
ratio acrylonitrile:ammonia (v/v) was found to be 1:10. Heat evolved and 
the mixture began to boil which was allowed for 5 min. The reaction flask 
was rapidly connected with a vacuum destillation equipment and the water 
and ammonia destilled off in reduced pressure. The mixture had to be 
heated, but care was taken that the temperature did not exceed +30°C. 
Destillation was continued at higher temperature in a smaller flask. Two 
fractions were obtained and the first corresponded to 6-aminopropionitrile 
(b.p. 70°C. at 10 mm. Hg). The yield in several trials was about 40%. 
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The synthesis of labelled £-aminopropionitrile was conducted 
similarly. The acrylonitrile-1-'*C (1 mce., 3.7 g.) was obtained from 
The Radiochemical Centre (Amersham, Bucks., England). ‘This 
compound was already partially polymerized before use (28 days) 
and carrier (5 ml. acrylonitrile) had to be added and before the 
final destillation about 10 ml. of £-aminopropionitrile. About 
8.3 gm. of f-aminopropionitrile was obtained containing 11.7 ye. 
only (determined by The Radiochemical Centre). 

The £-aminopropionitrile has been completely stable at +4°C. 
for several months. However, the weakly active £-aminopropio- 
nitrile solidified completely at the room temperature in 5 weeks, 
but was still soluble in water. When the basic groups were titrated 
from the solution, only about one fourth from the expected was 
found. 

These two products were studied with two-dimensional paper 
chromatography (Fig. 1), using butanol-acetic acid-water (4:1:5) 
and ammoniacal phenol-water as solvents. The f-aminopropio- 
nitrile could also be observed in the urines of sweet pea-intoxicated 
rats (4). The radioactive preparation yielded only a bluish purple 
spot of f-alanine. The green spot was almost absent. 
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Fig. 1. — Chromatograms of £-aminopropionitrile (a) and similarly synthetized 

f-aminopropionitrile-1-"C (b) 

a) B-aminopropionitrile, brightly green; b) 2 = f-alanine; 3 = brown shadow 

(staining with 0.2% ninhydrin). A = phenol-water-ammonia, B = butanol- 
acetic acid-water 
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The non-labelled f-aminopropionitrile was potent as lathyro- 
genic agent in rats in a dose of 30 mg. per day. The solidified and 
dissolved material (in dose of 100 mg. per day) was completely 
inactive. 


DISCUSSION 


The instability of the acrylonitrile seems to be due to the 
radiation. The f-aminopropionitrile carrier was completely stable, 
but when some water had been added, it solidified similarly as the 
labelled product. Since the activity was extremely low, this reaction 
seems thus to be independent from the radiation. 

These handicaps render this synthesis rather impracticable 
for the work with the labelled f-aminopropionitrile but for the 
preparation of the non-labelled compound it is simple and con- 
venient. 


SUMMARY 
The synthesis of -aminopropionitrile-1-'4C is described. 
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THE MODIFYING EFFECT OF HYDROCORTISONE 
ACETATE ON THE CHLORPROMAZINE-CAUSED CHANGES 
OF THE ADRENAL CORTEX IN THE WHITE RAT 


by 
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(Received for publication June 17, 1958) 


In an earlier paper (4) the effect of large chlorpromazine doses 
on the adrenal cortex of the male white rat was investigated. It was 
shown that prolonged chlorpromazine medication with progressively 
increasing doses caused an increase of the weight of the adrenals. 
Furtherly, in the histological picture of the adrenal cortex typical 
changes were seen: hypertrophy of the entire cortex, decrease of the 
lipid content of the cells, disappearance of the transitional zone and 
an abundance of sinusoids in the zona reticularis. These changes 
manifested themselves parallel with the deterioration of the general 
condition of the animals. Thus they were only slightly seen in the 
group treated with slowly increasing doses of chlorpromazine (in- 
creased by 5 mg/kg body weight daily) but were clearly seen in the 
group treated with rapidly increasing doses (increased by 25 mg/kg 
body weight daily). The simultaneous application of small doses of 
corticotrophin (2 IU/kg body weight daily) had no essential effect 
on the results. These changes were not to be seen after a single 
wery large dose of chlorpromazine (600 mg/kg body weight). Thus 
the prolonged way of medication was observed to be an essential 
presupposition to the appearance of the changes. The results were 

interpreted to prove that chlorpromazine in prolonged use with 
large doses had acted as a nonspecific stressor to the organism. 


1 Sponsored by a grant of the Sigrid Jusélius Stiftelse. 








an 


ord 
zin 
the 
che 


on 
stu 
wa 


d 
tl 





RKy 














THE MODIFYING EFFECT OF HYDROCORTISONE ACETATE 395 


Corticoids, especially glucocorticoids are effective in preventing 
an adrenal enlargement caused by stress (1, 2, 6, 7). Therefore, in 
order to throw further light on the mode of action of chlorproma- 
zine, the following experiments were performed. They investigate 
the effect of hydrocortisone acetate on these chlorpromazine-caused 
changes of the adrenal cortex refered above. 


MATERIAL AND METHODS 


The effect of simultaneous hydrocortisone acetate medication 
on the chlorpromazine-caused changes of the adrenal cortex was 
studied by male white rats. Also a parallel series with cortrophine 
was performed. 10 rats served as controls. Three groups of 10 rats 
in each were treated with chlorpromazine using rapidly increasing 
doses. On the first day the dose was 20 mg/kg body weight and the 
dose was increased by this same amount daily. 10 rats (group I) 
were treated with chlorpromazine alone, to 10 rats (group II) an 
accessory daily dose of 15 IU/kg body weight corticotrophin 
(’Reacthin’ Leo) was given, and to 10 rats (group II1) 25 mg/kg body 
weight hydrocortisone acetate (Laake Oy). The drugs were given 
subcutaneously. The general condition of the animals was followed 
up. For this purpose the rats were weighed before and during the 
period of medication. In the beginning of the experiment the ani- 
mals were 90 days of age. The medication was continued during 
14 days. After this the animals were killed. Immediately after killing 
the suprarenals of each animal were removed and weighed in a 
torsio balance. For the study of the lipoid content of the adrenal 
cortex, one of the suprarenals was fixed for 24 hours in neutralized 
4° formol. 10 u frozen sections were cut and stained with the Sudan 
III method. Morphological study was performed after a 5-hours 
fixing in Zenker’s solution and after staining with haematoxylin 


and eosin. 


RESULTS 


Fig. 1 gives the changes in the body weight of the animals in the 
different groups during the period of medication. It shows that 
during the first half of the treatment no great differences between 
the experimental and control groups were seen. After this, the body 
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D ays of Medication 


Fig. 1. — The effect of chlorpromazine alone and in combination with ACTH 
or hydrocortisone acetate on the mean body weight of the male rat. Mean body 





weight: 
x——-—xX = Control group. 
x x = Group I, treated with chlorpromazine alone. 
MK ceeseseesesees x = Group II, treated with chlorpromazine and ACTH com- 
bined. 
a x = Group III, treated with chlorpromazine and hydrocortisone 


acetate combined. 
Daily dose of chlorpromazine. 


weight began rapidly go down in the experimental groups. Compared 
with the control group the group I, treated with chlorpromazine 
alone, had deteriorated by 13%, the group II, treated with chlor- 
promazine and ACTH, by 9%, and the group III, treated with 
chlorpromazine and hydrocortisone acetate, by 15%. In accordance 
with this, the outlook of the animals showed no clear signs of 
depressed vitality during the first half of the treatment, even if the 
spontaneous motor activity was diminished as a sign of sedation. 
During the second half of the treatment the general condition of 
the animals began to weaken and now an interesting difference 
between the experimental groups showed itself. In clear contrast 
to the other groups the sedative effect of chlorpromazine in the 
group receiving hydrocortisone acetate still remained moderate, 
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Fig. 2. — The effect of chlorpromazine alone (group I), and in combination 


with ACTH (group II) or hydrocortisone acetate (group III) on the weight of 
the adrenals of the male rat. The marks indicate the mean weight of the supra- 
renal glands of the individual animals in different groups. 


the animals even behaved themselves aggressively. The difference 
between the groups could also be demonstrated by suspending ani- 
mals by their front paws from a horizontal wire. At the end of the 
medication the group I, receiving chlorpromazine was as a rule 
not more able to climb on the wire. The group II, receiving chlor- 
promazine and ACTH combined proved in this traction test to be 
still more inert than the group receiving chlorpromazine alone. The 
group III, receiving chlorpromazine and hydrocortisone acetate 
combined, usually immediately climbed on the wire. Also the out- 
look of the animals showed corresponding differences. Apart from 
the fact that the loss of weight during medication was biggest in 
the group receiving hydrocortisone acetate, no spontaneous bleedings 
from mucous membranes or convulsions were to bee seen in this 
group, in the two other groups they were present to an equal extent. 


27 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 4. 
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Fig. 2 gives the weights of the suprarenals in different groups, 
It shows that the suprarenals had considerably gained in weight in 
the group I, receiving chlorpromazine alone, and in the group II, 
receiving chlorpromazine and ACTH combined. The increase is 
seen to be almost identical in these two groups. The group III, 
receiving chlorpromazine and hydrocortisone acetate, on the other 
hand, does not differ from the control group. The mean weight of the 
suprarenals in the different groups was: Control group = 18.1; mg; 
group I = 26.3 mg; group II = 25.6 mg; group III = 18.1 mg. 

By studying microscopically the sections stained with Sudan 
III, in the control group the glomerulosa contained numerous 
small Sudan-positive droplets. The transitional zone was well 
formed in all cases. The droplets in the cells of zona fasciculata 
were rather large, and in the outer parts of the fasciculata sudan- 
ophilia was stronger than in the inner parts. Zona reticularis was 
rather weakly sudanophil (Fig. 3). In the group treated with chlor- 
promazine alone sudanophilia was rather evenly distributed through 
the whole cortex. No transitional zone was seen and zona glomeru- 
losa seemed to be very thin (fig. 4). In the group treated with 
chlorpromazine and ACTH the distribution and amount of 
sudanophilia did not essentially differ from the preceding group 
(fig. 5). In the group treated with chlorpromazine and hydro- 
cortisone acetate the distribution and amount of sudanophilia was 
in most cases like that in the control group (fig. 6). In some 
cases, however, zona glomerulosa was very thin, no transitional 
zone was to be seen and sudanophilia was rather evenly distributed 
through the whole cortex. 

In haematoxylin-eosin sections zona glomerulosa was rather 
thick in the control group. The transitional zone was clearly seen 
in all cases and its cells were rather eosinophil and the nuclei were 
situated close together. In zona fasciculata the cells were clear 
and vacuolated and the sinusoids in zona reticularis were small. 


Eosinophilia was strongest in the outer parts of the fasciculata, 
diminishing gradually towards the inner parts (fig. 7). In the group 
treated with chlorpromazine alone zona glomerulosa was very thin, 
hardly to be seen at all. No transitional zone was to be seen. The 
whole cortex was hypertrophied, hypertrophy having taken place 
mainly in zona fasciculata and reticularis. The cells in zona fascicu- 
lata were rather dense and only some small vacuoles were seen in 
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Fig. 3. Fig. 4. 
Fig. 3. — Photomicrograph showing sudanophilia in the adrenal cortex of 
the control group. The sudanophobic zone is clearly seen. 350 x, Sudan III. 
Fig. 4. — Photomicrograph showing sudanophilia in the adrenal cortex of the 


group treated with rapidly increasing doses of chlorpromazine. No sudanophobic 

zone is seen and zona glomerulosa can not be clearly distinguished. Sudanophilia 

is distributed through the whole cortex more evenly than in the control group. 
350 x, Sudan III. 





Fig. 5. Fig. 6. 


Fig. 5. — Photomicrograph showing sudanophilia in the adrenal cortex of the 
group treated with chlorpromazine and ACTH. No essential difference to the 
preceding photomicrograph is seen. 350 x, Sudan III. 

Fig. 6. — Photomicrograph showing sudanophilia in the adrenal cortex of the 
group treated with chlorpromazine and hydrocortisone acetate. No essential 
difference to the fig. 3 is seen. 350 x, Sudan III. 
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Fig: 7. Fig. 8. 
Fig. 7. — Photomicrograph showing adrenal cortex in the control group. Zona e 
glomerulosa is rather thick and the transitional zone is seen as a dark line t 
between zona glomerulosa and fasciculata. 160 x, haematoxylin — eosin. 

Fig. 8. — Photomicrograph showing adrenal cortex in the group treated with b 
rapidly increasing doses of chlorpromazine. Zona glomerulosa is hardly to be h 

distinguished, no transitional zone is seen and zona glomerulosa and fasciculata 
are hypertrophied. 160 x, haematoxylin — eosin. t 
i 
r f 0 
r 
S 
t 
0 
S 
i! 
t 
i 
Ci 
t 

img, 9. Fig. 10. 
Fig. 9. — Photomicrograph showing adrenal cortex in the group treated with 

chlorpromazine and ACTH. No essential difference to the preceding photo- c 


micrograph is seen. 160 x, haematoxylin — eosin. 
Fig. 10. — Photomicrograph showing adrenal cortex in the group treated with 
chlorpromazine and hydrocortisone acetate. No essential difference to the 
control group is seen. 160 x, haematoxylin — eosin. 
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them. The sinusoids in zona reticularis were rather large and blood- 
filled (fig. 8). In the group treated with chlorpromazine and ACTH 
the histological picture did not essentially differ from the pre- 
ceding group (fig. 9). In the group treated with chlorpromazine and 
hydrocortisone acetate the transitional zone was clearly seen in 
most cases. Also in other respects the histological picture was much 
like that in the control group (fig. 10). In some cases, however, 
the whole cortex seemed to be hypertrophied, zona glomerulosa 
was very small and no transitional zone was to be seen or it was 


indistinct. 


DISCUSSION 


As is known, ACTH causes hypertrophy of the adrenal cortex 
(3, 5, 9). By giving ACTH to animals under stress, the hypertrophy 
of the adrenal cortex is larger than that caused by stress alone 
(cf. also 8). The fact that the accessory application of ACTH in the 
experiments presented above neither intensified the increase of 
the weight of the adrenals nor the histological signs of stress caused 
by chlorpromazine, shows that the chlorpromazine-caused stress 
has been maximal. Hydrocortisone acetate inhibited the hyper- 
trophy of the adrenal cortex caused by chlorpromazine. This 
is in accordance with the earlier observations concerning the ability 
of corticoids to inhibit the signs of stress in the weight 0! supra- 
renals. In the histological picture of the adrenal cortex, however, 
signs typical to stress could be seen in some cases. Presumably 
this can be interpreted as an expression of the fact that the dose 
of hydrocortisone acetate has been a little too small to inhibit the 
signs of stress in all cases. 

The observation that also the sedative effect of chlorpromazine 
in the group receiving hydrocortisone acetate was of less degree 
than in the group treated with chlorpromazine alone points to the 
direction as if the sedative effect of chlorpromazine partly were 
due to its stress-producing effect. Further investigations are needed 
to clear up this presumption. 


SUMMARY 


The modifying effect of simultaneously applicated hydro- 
cortisone acetate on the signs of stress in the adrenal cortex caused 
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by a massive chlorpromazine medication was investigated by male 
white rats. For further evidence a parallel series with ACTH was 
performed. 10 rats served as controls. 

Each experimental group contained 10 animals. One group was 
treated with chlorpromazine alone. The drug was given in a pro- 
gressively increased dosage, increased by 20 mg/kg body weight 
daily. To the other group an accessory daily dose of 15 IU/kg body 
weight ACTH was given, and to the third group 25 mg/kg body 
weight of hydrocortisone acetate. The drugs were given sub- 
cutaneously and the medication was continued during 14 days. 

The weight of the adrenals had increased in the group receiving 
ACTH in the same degree as in the group receiving chlorpromazine 
alone. Also the signs of stress in the histological picture of the 
adrenal cortex were equal. This was considered to be an expression 
of the fact that the stress caused by chlorpromazine had been 
maximal. The weight of the suprarenals in the group receiving 
hydrocortisone acetate did not differ from that in the control group 
and in the histological picture of the adrenal cortex signs of stress 
were present only in some cases. This result was considered to be in 
accordance with the earlier observations concerning the ability of 
corticoids to counteract the manifestation of the signs of stress in 
the adrenals. The sedative effect of chlorpromazine was mildest in 
the group receiving hydrocortisone acetate. This was presumed 
to point to the direction that the sedative effect of chlorpromazine 
partly were due to its stress-producing character. 
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FROM DEPARTMENT OF SEROLOGY AND BACTERIOLOGY, UNIVERSITY OF 
HELSINKI, AND THE RHEUMATISM FOUNDATION HOSPITAL, HEINOLA 


INCIDENCE OF THE AGGLUNATION ACTIVATING FACTOR 
IN RHEUMATOID ARTHRITIS 


SOME OBSERVATIONS 


by 
H. JULKUNEN, V. LAINE, H.-M. KOSKINEN, and A. TIILIKAINEN 


(Received for publication June 24, 1958) 


As shown by R. Grubb, and Waller and Vaughan (1956), the 
serum of rheumatoid arthritis patients is in some instances able 
to agglutinate Rhesus positive red cells coated with selected 
incomplete anti Rhesus serum. 

According to Grubb, the serum of about a third (37%) of 
rheumatoid arthritis patients has this property. These cases are 
the ordinary typical and often rather pronounced cases of both 
sexes, Showing both high and low erythrocyte sedimentation rates. 
The property has been found before, during, and after steroid or 
gold treatment. Grupp also states that it can remain for several 
years, but does not know how early in the course of the disease 
it appears. 

This property has been found in one healthy person published 
so far. 

Grubb also found that the Waaler-Rose test was always positive 
in cases where this property was to be found. 

Since the reaction of AAF (agglunation activating factor) 
has been studied in a series of rheumatoid arthritis patients at 
the Rheumatism Foundation Hospital, we consider it worth while 
to publish our clinical findings. 

The series consisted of 137 cases of clinically verified cases of 
rheumatoid arthritis (ARA criteria 1957), 24 male and 113 female. 
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Sensitized 0 Rh positive red cell agglutination (SORA) was tested 
in each case (Grubb, 31). The Waaler-Rose test (Rose ef al., 1948) 
was made on the same blood samples using the modification 
developed by Wager (Wager 1950). In 124 instances serum electro- 
phoresis was performed. 


RESULTS 


As seen in Table 1 the SORA was positive in 18.2% of the cases. 
No correlations were to be found between the age groups, the 
duration of the disease and the sex distribution. However, the 
stage distribution of SORA positive cases shows a tendency to be 
more often positive in advanced cases. About the duration of the 
disease we learn that this agglutinating property can be found as early 
as less than one year after the onset of the disease. Table 2 shows the 
distribution of SORA according to the duration of the disease. 

Further, it is to be seen in Table 1 that there is no direct corre- 
lation between SORA positivity and the grade of ESR. No correla- 

TABLE 1 


COMPARISON BETWEEN SENSITIZED 0 RHESUS POSITIVE RED CELL AGGLUTINA- 
TION TEST (SORA+) ABD NON-AGGLUTINATING (SORA—) PATIENTS 
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? As controls are used samples of rheumatoid serum kindly provided by 
Dr. R. Grubb. Lund, Sweden. 
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Fig. 1. — Distribution of total material and sensitized O Rh positive red 

cell agglutination (SORA-+-) patients according to duration of disease. ‘ 
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Fig: 2. — Correlation between SORA-+ and Waaler-Rose titer. 
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tion has been found between SORA positivity and the positivity 
of the Waaler-Rose test, as Fig. 2 shows. In 10 out of 25 SORA 
positive cases the Waaler-Rose titer is below 1/16. This result 
differs clearly from that of Grubb’s. However, the difference of the 
percentage of Waaler-Rose positives in both materials is very great, 
giving rise to the supposition of underlying differences in techniques, 

In Table 2 we have collected some criteria which can be held 
as signs of systemic involvements in connection with rheumatoid 
arthritis, and which characterize the severity of the disease. It 
seems to be evident that there are more of these severe cases with 
systemic signs in the SORA-positive cases than in the SORA- 
negative cases. 

In Table 3 the results of electrophoretic patterns of both SORA- 
positives and negatives are shown. As seen, no statements can be 
made of these. The SORA-positive cases do not show greater devia- 
tions from the normal electrophoretic pattern than the SORA- 
negative cases. 

Summarizing the results it was possible to find, in a series of 
137 cases of verified rheumatoid arthritis, sensitized 0 Rh positive 
red cell agglutination in 18%. 

This agglutinating property can be found in early stages (1 year 
and less), as well as in advanced cases of rheumatoid arthritis. 

In this series no consequent correlation has been found between 
the positive Waaler-Rose test: in 10 of the 25 SORA positive cases 
the Waaler-Rose test was negative. 

Among the cases with the SORA property there seem to be 
more severe cases with systemic involvements than appear among 
the SORA-negative cases. 

The paper electrophoretic pattern of serum proteins does 
not show any correlation to the positivity of the agglutinating 


property. 
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URINARY EXCRETION OF 5-HYDROXYINDOLEACETIC 
ACID IN EXPERIMENTAL PULMONARY EMBOLISM 
IN RATS 


by 
H. FRICK 


(Received for publication June 26, 1958) 


The significance of neurohumoral factors in the development of 
the symptoms of pulmonary embolism has been the object of several 
investigations. In 1935 Schwiegk (14) showed that alterations in the 
pulmonary arterial pressure cause, through vagal stimulation, 
bradycardia and a fall of systemic arterial pressure. Some investiga- 
tions have shown that symptoms caused by pulmonary embolism 
can be prevented or mitigated by vagotomy or by parasympathico- 
lytic or ganglion-blocking substances (1, 3, 13). Other investigators, 
on the other hand, have not observed this effect (15, 19). The 
differing results may be, at least partly, due to the different mate- 
rials and particle sizes used in the production of experimental 
embolism, to the different animal species used, and to the effects 
of anaesthesia, if used (8). Of humoral factors histamine has been 
mentioned, especially by French investigators (11, 17), as an 
important substance in the development of the symptoms of 
pulmonary embolism. Hochmeister (9), however, could not find any 
rise in the histamine content of the blood after pulmonary embo- 
lism. 

Comroe ef al. (4) were probably the first to pay attention to 
the possible role of 5-hydroxytryptamine (serotonin) in the genesis 
of the symptoms of pulmonary embolism. Smith and Smith (15) 
have compared the symptoms caused by experimental embolism 
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produced by a blood clot with those caused by serotonin injected 
into the pulmonary circulation and observed their similarity, 
According to Comroe et al. (4), Gaddum et al. (6), Borst et al. (2), 
Kottegoda and Mott (10), and Mott and Paintal (12), serotonin 
injected into the pulmonary circulation causes pulmonary hyper- 
tension, systemic hypotension, bradycardia, and bronchoconstric- 
tion. All of these phenomena are observed in experimental and 
clinical pulmonary embolism. Thus it may be supposed that sero- 
tonin, which occurs in thrombocytes and is released in the coagul- 
ation process (20), participates in the production of the symptoms 
of pulmonary embolism. The lung tissue also contains considerable 
amounts of serotonin (18). 

Erspamer (5) has shown that the end product of serotonin meta- 
bolism is 5-hydroxy-3-indoleacetic acid (5-HIAA) which is excreted 
in the urine. De Gennes ef al. (7) have observed that administration 
of reserpine, which is known to cause a decrease in the serotonin 
content of the thrombocytes, increases the urinary excretion of 
5-HIAA. 

In this work the effect of experimental pulmonary embolism 
in rats on the urinary excretion of 5-hydroxyindoleacetic acid was 
studied. 


MATERIAL AND METHODS 


Six male and two female rats of the Wistar strain weighing 
240—470 g were used. The collection of urine took place in special 
cages equipped with funnels. The contamination of food and faeces 
was prevented by a wire netting in the funnels. Determinations of 
-HIAA were made from twenty-four hours’ urine. The collection 
of urine was performed during two days before and one day after 
the production of pulmonary embolism. The spectrophotometric 
method of Udenfriend, Titus, and Weissbach (16) was used. When 
the amount of twenty-four hours’ urine was more than 12 cc, 
determinations were made in duplicate. The blood clots used in the 
production of pulmonary embolisms were prepared by letting c. 
14 ec of rat tail-tip blood clot. The blood clot was then suspended 
in a small amount of physiologic saline solution. The suspension 
was injected into the femoral vein. The procedure was performed 
under aether anaesthesia. 
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RESULTS 


The daily amount of urine varied between 7.2 and 34.5 cc, which 
is of the same magnitude as that observed in the investigations of 
Erspamer (5) and de Gennes ef al. (7). The mean daily amount of 
urine was 19.9 cc before the embolism and 12.9 after the embolism. 
The daily excretion of 5-HIAA in the urine is expressed in yg/100 g 
of body weight. Before the pulmonary embolism the daily excretion 
of 5-HIAA was 2.8—4.3 ug with a mean value of 3.5 wg; after the 
embolism it was 2.8—4.5 wg with a mean value of 3.4 ug. The 
methodical error was + 0.4 wg. De Gennes ef al. have used the 
same method in the determination of the excretion of 5-HIAA in 
rat urine and obtained a value of 1 + 0.2 ~g/100 g of body weight 
during 24 hours. The values obtained by Erspamer, 1.25—1.5 
ug/ml, were determined by paper chromatography. 

The values of individual rats are shown in the following Fig. 
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Fig. 1. — The daily excretion of 5-HIAA before and after pulmonary embolism. 


The determination of the urinary excretion of 5-HIAA is one of 
the procedures which may be used in following the decomposition 
of serotonin. Since the excretion of urine of the experimental 
animals was small, the determinations were performed from the 
urine excreted during 24 hours. Rapid temporary alterations may 
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not, however, appear when the daily excretion is determiiied, 
Despite of great variations in the daily amount of urine, the ex- 
cretion of 5-HIAA was, however, rather constant. 


SUMMARY 


The writer has determined the daily excretion of 5-hydroxy-3- 


indoleacetic acid in the urine of 8 rats of the Wistar strain during 
two days before and one day after the production of pulmonary 
embolism. No alteration could be found. 


18. 


19. 
20. 
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EFFECTS OF INTRAPERITONEALLY INJECTED 
HOMOGENATES OF ROENTGEN IRRADIATED AND 
NON-IRRADIATED TUMOURS ON THE GROWTH OF 

HOMOLOGOUS AND HETEROLOGOUS TISSUES 


by 
A. VOUTILAINEN and V. K. HOPSU 
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Mitosis-inhibiting agents have been assumed to occur in normal 
organs (3, 5, 6). Similar inhibitors are probably present also in 
tumour tissue (7). Injections of homogenates prepared from tumour 
tissue have been found to produce signs indicating growth 
inhibition (4). 

The present study constitutes a further attempt to determine 
whether growth inhibition of the above kind can be indiced in the 
case of different tumours, especially heterologous malignant ones, 
and whether the growth-inhibiting agents are influenced by X-ray 
irradiation. 


MATERIAL AND METHODS 


Homogenates prepared from Walker carcinosarcoma and from 
Yoshida sarcoma were injected into rats bearing the former tumour. 
The homogenates used for the injections were prepared as follows: 


This investigation was supported by President J. K. Paasikivis Fund for 
Cancer Research, the Damon Runyon Memorial Fund (DRG—291) and the 
Sigrid Jusélius Foundation. 
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Walker’s carcinosarcoma. — Twenty 3-month-old white rats 
were inoculated subcutaneously with this tumour. After 11 days 
irradiation of the tumours of 10 rats was started. The dose was 
600 r daily for five successive days (0.5 Cu, 10 mA, 140 kV, H.V.L. 
0.28 cm.Cu). The tumours regressed considerably during roentgen 
treatment: their average final weight was about 22 gm. as against 
about 70 gm. in the case of the non-irradiated controls. The tumours 
were excised 24 hours after the last treatment, dried in an dessi- 
cator at +3 C for two days, and powdered in a mortar; the powder 
was kept in the refrigerator. The amount of powder required was 
weighed immediately before injection and suspended in saline 
solution. 

Yoshida sarcoma. — This tumour was inoculated into the 
femoral muscle of ten 3-month-old white rats. In 11 days the 
tumours had reached the weight of about 70 gm. X-ray irradiation 
was then started. 

Injections of tissue homogenates were started 13 days after the 
injections, with the idea of observing the effect of the homogenates 
in the tumours: 5 groups, each consisting of 10 rats bearing Walker 
carcinosarcoma, received injection treatment. The rats of one 
group were given 4 mg. of dried Walker carcinosarcoma, suspended 
in 1 cc. of saline, by intraperitoneal injection; the second group 
received the corresponding amount of irradiated Walker tumour, 
the third an equal amount of dried Yoshida sarcoma, and the 
fourth an equal amount of irradiated Yoshida sarcoma. The rats 
of the fifth group were injected with 1 cc. of saline solution daily. 
Injections were continued until the experimental animals died. 
Specimens for histological examination were removed before the 
start of the injection period, and from 30 per cent of the tumors 
after the death of the animals. 

In the second experimental series, injections were begun as 
early as two days after inoculation. The specimens for histological 
examination were taken 11 days after inoculation. In the different 
groups, the number of rats observed for at least three weeks and 
showing histological evidence of malignant change was as follows: 
Non-irradiated Walker 7, irradiated Walker 9, non-irradiated 
Yoshida 4, irradiated Yoshida 4, saline solution 6; total 30 rats. 

The growth of the tumours was followed by measurements 
every second day. The animals were weighed at the same time. 





~ > — nn as 





ats 
YS 


e 
v7 
l 








EFFECTS OF INTRAPERITONEALLY INJECTED HOMOGENATES 413 


RESULTS 


When the injections of tissue homogenates were started 13 days 
after inoculation, the weight of the experimental animals already 
showed a decreasing tendency. The size of the tumours then varied 
from 25 to 60 cu.cm. and their growth was similar in the different 
groups. During the injection period it was rapid, and no differences 
were observed between the different groups. The weights of the 
animals decreased evenly during injection treatment. The rats died 
three to five weeks after inoculation of tumour, and the average 
survival time in the different groups did not differ. 

The post-mortem histological specimens showed typical tumour 
tissue, and there were no differences between the tumours of the 
variously treated animals. 

In the series in which injections were started two days after 
inoculation, the growth tendency of the tumours was essentially 
similar, though growth was slightly slower during the first two 
weeks in the groups given tissue homogenates. After this, tumour 
development in all these groups was completely similar to that in 
the control group. 

No differences were observed as regards the development of the 
weight and the average survival of the animals in the various groups: 
the rats survived three to five weeks after inoculation. However, 
the group treated with Yoshida sarcoma included one histologically 
malignant infected tumour which, after increasing in size for three 
weeks to 3 cu.cm., began to diminish in size and disappeared. 

All the histological specimens taken from the tumours after 
death revealed malignant tissue. Necrotic areas, however, were more 
frequent in the specimens from rats given tissue homogenates. 
But the tumours in the four groups given different homogenates 


were not found to differ. 


CONCLUSIONS 


The Walker carcinosarcoma used in this study is highly malig- 
nant. Disappearance of the tumour was only observed in one rat. 
No differences were observed in the growth rate of the tumours or 
in the survival time whether the rats had received heterologous or 
homologous tissue. 

28 — Ann. Med. Exper. Fenn. Vol. 36. Fasc. 4. 
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It seems obvious that the tumour regression, caused by intra- 
peritoneal injections of homologous tissue in ITB tumour in previous 
experiments (4) and observed also by Shear & Perrault with sar- 
coma 37 (2), cannot be generalized. In view of the fact that the 
whole mechanism of action is unknown, it is difficult to compare 
experiments made with different tumours. In addition, tissue 
autolysis and necrosis, depending upon their degree, play a part 
in the stimulation or inhibition of tissue (1, 4,9), and so it is also 
difficult to compare experimental series in which the same tissue 
has been used: the difference in degree in each case may be deciside. 
As observations have shown that-the amount is of decisive im- 
portance (1) and the degree of necrosis is difficult to appraise even 
morphologically, it is evident that the results must vary con- 
siderably. 

A proof that growth inhibition occurs is the fact that necrosis 
and cytolysis are of somewhat higher degree in the tumours of the 
animals injected with tumour homogenates. A fact in favour of a 
possible unspecificity of the growth-inhibiting factor is that the 
necrosis and cytolysis in the specimens from animals injected over a 
longer period are entirely similar in the groups treated with 
homologous and with heterologous tissue. Such an unspecificity is 
also supported by the disappearance of the tumour in one rat in- 
jected with Yoshida sarcoma. 

It has been demonstrated that, when one of two tumours trans- 
planted into the same rat is irradiated, the non-irradiated tumour 
also shows a reduction in mitotic activity and retardation of growth 
(7, 8). On this basis, roentgen irradiation has been assumed to 
affect the growth-regulating factors. However, as before (4), irradia- 
tion of the tumour tissue to be injected was not found in this study 
to exert any effect on its growth regulating properties. 


SUMMARY 


1. Rats were inoculated subcutaneously with Walker carcino- 
sarcoma and Yoshida sarcoma. Some of the tumours were X-ray 
irradiated. The tumours were excised, dried in the refrigerator, 
and powdered. Homogenates prepared from the powder were 
injected intraperitoneally into rats which had been inoculated 





e 





su 
pr 


sa 
in] 
su 
of 
s0 
of 


It 


Ir 


rer ON 


onan 








be) 


ear ES 








EFFECTS OF INTRAPERITONEALLY INJECTED HOMOGENATES 415 


subcutaneously with Walker carcinosarcoma 2 days or 13 days 
previously. 


2. Neither homologous tissue (homogenates of Walker carcino- 
sarcoma) nor heterologous Yoshida tissue, irradiated or non- 
irradiated, was found to effect the growth rate of the tumours, the 
survival of the experimental rats after inoculation, or the weights 
of the rats — as compared with the controls injected with saline 
solution. All the experimental animals with histological evidence 
of uninfected tumour died 3—5 weeks after tumour inoculation. 


3. The tumours of those rats in which injections were started 
2 days after inoculation, showed a slight necrotizing cytolytic effect. 
It was similar with all the tissue homogenates used irrespective of 
wheather they were homologous or heterologous, irradiated or non- 


irradiated. 
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AUS DEN FORSCHUNGSLABORATORIEN DES STAATLICHEN ALKOHOLMONOPOLS 
UND DEM CENTRALLABOR DES KIVELA KRANKENHAUSES, HELSINKI 


EXPERIMENTELLE STUDIEN UBER DIE BIOLOGISCHE 
WIRKUNG VON ALKOHOL 


1. ALKOHOL UND BLUTZUCKER 


von 
O. FORSANDER, K. O. VARTIA und F-E. KRUSIUS 


(Der Schriftleitung eingegangen am 22 Juli 1958 


Allgemein bekannt ist, dass Alkoholverbrauch einen Einfluss 
auf den Blutzuckerspiegel haben kann. Jedoch sind bei Ver- 
suchen, die sowohl mit Menschen als auch mit Versuchstieren 
angestellt wurden, recht unterschiedliche Ergebnisse erhalten wor- 
den und die Auffassungen dariiber, in welcher Richtung der 
Blutzucker beeinflusst wird, schwanken. Wahrend ein Teil der 
Forscher zu dem Resultat kommt, dass Alkohol den Blutzucker 
senkt (2, 3, 9, 24, 26, 30) konstatieren andere eine Erhohung (4, 11, 
12, 17). Noch mehr Arbeiten scheinen aber darauf hinzudeuten, 
dass der Einfluss verschieden sein kann und von den vorliegenden 
Versuchsbedingungen abhangt (5, 6, 13, 14, 16, 21, 25, 27, 30). Bei 
Zuckerkranken hat man eine Senkung des Blutzuckers durch Alko- 
hol festgestellt oder aber war garkeine Wirkung zu beobachten. Bei 
chronischen Alkoholikern ist nach Auffassung vieler Forscher der 
Kohlenhydratumsatz gestért und findet man oft, auch ohne Alko- 
holverabreichung, erniedrigte Niichternwerte (10, 18, 21). 

Tannent (30) hat in Tierversuchen feststellen kénnen, dass eine 
Erhohung des Blutzuckers nach Alkoholverabreichung nur eintritt, 
falls die Glykogenspeicher der Leber gefiillt sind. Werden die Tiere 
hingegen vor dem Versuche Hunger ausgesetzt dann tritt keine 





— TH TS ts 8 | fr OU 


= & 2 


sa DSP |] SAO we DP A 








STUDIEN UBER DIE BIOLOGISCHE WIRKUNG VON ALKOHOL 417 


Verdnderung im Blutzuckerspiegel ein, da der Glykogenvorat auf- 
gebraucht ist. Es wird also anscheined Blutzucker nach Alkohol- 
belastung durch Spaltung des Leberglykogens mobilisiert. Uber- 
haupt wird die Ansicht vertreten, dass die Oxydation des Alkohols 
auf Kosten des Leberglykogens vorsichgeht (5, 6, 7, 16, 23, 28, 30). 
Matunga (7) hat auch in systematischen Versuchen mit Kaninchen 
gezeigt, das Alkohol durch Entleeren der Leber-Glykogenspeicher 
hyperglykamisch wirkt. Alkohol ruft diese Wirkung durch 
Splanichusreizung hervor, durchschneidet man die Nervenfasern 
bleibt sie aus. 

Versuche, welche die ebenfalls beschriebene Senkung des Blut- 
zuckers nach Alkoholgenuss erkldren kénnten, sind bisher nicht an- 
gestellt worden. Pansini (30) nimmt an, dass die Blutzucker- 
senkung auf eine Hemmung der Zuckerabsorption zuriickzufiihren 
ist oder auch durch den Alkoholumsatz selbst hervorgerufen wird. 
Nizulescu (24) glaubt wiederum, dass Alkohol die Insulinsekretion 
befordert. 

Die vorliegende Arbeit, die zu einer Untersuchung iiber den Ein- 
fluss von Alkoholbelastung auf verschiedene Stoffwechselvorgange 
gehort, beschaftigt sich mit der Frage, wie Alkohol, verabreicht in 
verschiedenen Portionen, auf den Blutzuckerspiegel wirkt. 


VERSUCHSANORDNUNG UND MATERIAL 


Der Blutalkoholgehalt wurde zu verschiedenen Zeitpunkten 
nach einer einmaligen Alkoholgabe, nach zwei getrennten Dosen 
von 14% Stunden Zwischenraum und ferner nach einer mAassigen 
Alkoholdose, die 5—10 Stunden nach sehr reichlichem Alkohol- 
missbrauch verabreicht wurde, bestimmt. Fiir die beiden zuerst 
erwdhnten Versuchsreihen wurden nur Personen gewahlt, die sel- 
tenen und massigen Alkoholverbrauch angaben. Zu dem dritten 
Belastungsversuch wurden Personen gewahlt, die nach starkem 
Alkoholgenuss am vorhergehenden Abend von der Polizei wegen 
Trunkenheit angehalten worden waren. Es handelte sich nicht um 
chronische Saufer, nur einer war schon friiher wegen des gleichen 
Vergehens mit der Ordnungsmacht in Konflikt gekommen. — Die 
Versuche wurden morgens auf niichternen Magen vorgenommen. 
Alle Versuchspersonen, die entweder Alkohol nicht vertrugen und 
wahrend des Versuches iiber Ubelsein klagten oder durch die Blut- 
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entnahme starker beeinflusst wurden, sind bei der Bewertung der 
Ergebnisse nicht beriicksichtigt worden. Der Alkohol wurde in 
Form von 44 G/V% Whisky, verdiinnt mit Wasser, verabreicht und 
innerhalb von einer halben Stunde getrunken. Der Whisky enthielt 
keinen Zucker. Die Blutalkoholbestimmungen wurden entweder 
nach Widmark (33) oder unter Anwendung der Mikrodiffusions- 
methode von Newman und Newman (22) ausgefiihrt. Der Blut- 
zuckergehalt wurde kolorimetrisch mittels des Verfahrens von 
Somogyi-Nelson (20, 29) ermittelt, welches nur »wirklichen» Zucker 
gibt. Die Blutproben fiir die Alkoholbestimmungen wurden der 
Armvene entnommen, der Blutzucker wurde dagegen im Kapillar- 
blut bestimmt. 

Am ersten Versuch nahmen insgesammt 10 Personen teil. Alle 
bekamen 150 ml Whisky, welches durchschnittlich 0.85 g reinem 
Alkohol pro kg Ké6rpergewicht entspricht. Ein Kontrollversuch 
ohne Alkoholbelastung wurde mit denselben Versuchspersonen 
wahrend einer gleichlangen Versuchsperiode angestellt. Am zwei- 
ten Versuch beteiligten sich 6 Personen. Sie erhielten Alkohol in 
zwei Portionen, erst 150 ml Whisky und 1% Stunden spater wei- 
tere 75 ml. Die dritte Versuchsreihe bestand aus 16 Personen. Sie 
erhielten, als sie am Morgen von ihrem Rausch erwachten, 50 ml 
Whisky, also durchschnittlich 0.3 g reinen Alkohol pro kg Korper- 
gewicht, und eine Stunde spater wurde der Blutalkohol- und Zuc- 
kergehalt wieder ermittelt. Drei Tage spater wurde denselben 
Personen morgens auf niichternen Magen und ohne vorhergehenden 
Alkoholgenuss noch eine Kontrollblutprobe entnommen. 


ERGEBNISSE 


In Abb. 1 ist die prozentuelle Veranderung der Blutzucker- 
werte zu den verschiedenen Zeitpunkten nach der Belastung im 
Vergleich zum Niichternwert im eigentlichen Versuch und im 
Kontrollversuch graphisch dargestellt. Auch die durchschnittliche 
Blutalkoholkurve ist der Ubersichthalber angegeben. In der ersten 
Versuchsreihe nimmt der Blutzucker zuerst deutlich zu und erreicht 
sein Maximum nach einer halben Stunde. Hiernach sinkt der Blut- 


zucker wieder und zwar viel starker als im Kontrollversuch, in 
welchem die Abnahme wahrend der Beobachtungszeit gleichmassig 
aber verhaltnismassig gering ist. Die Erhéhung des Blutzucker- 
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Abb. 1. — Durchschnittlicher Blutalkoholgehalt und durchschnittliche Ver- 

anderung der Blutzuckerkonzentration in Prozent des Nichternwertes von 

10 Personen nach einmaliger Belastung mit 150 ml 44 G/V % Alkohol und bei 
einem entsprechenden Kontrollversuch ohne Alkohol. 


spiegels ist im Alkoholversuch nach einer halben Stunde recht 
betrachtlich (8%). Andererseits ist die Senkung des Blutzuckers 
4—6 Stunden nach der Belastung signifikativ grosser als im Kon- 
trollversuch (P > 0.005). Der Alkohol wurde nach der Belastung 
schnell absorbiert, die Alkoholkonzentration im Blut erreichte ihr 
Maximum bereits nach einer halben Stunde. Danach war die 
Abnahme derselben linear, aber noch nach 6 Stunden war der 
Blutalkoholgehalt deutlich erhoht. 

In der zweiten Versuchsreihe (Abb. 2), in welcher 2 Alkohol- 
gaben gegeben wurden, stieg der Blutzucker wie in der ersten Serie 
und der héchste Wert wurde nach einer halben Stunde erreicht. 
Die zweite Alkoholdose verursachte eine neue Steigerung, die aber 























420 0. FORSANDER, K. 0. VARTIA UND F-E. KRUSIUS 
t+) 
ml hoo 
r=] 
= 
x +10 F D+ 1.0 v} 
& s 
3 E: 
> 3 
o g = 
< + SF 4 +0. aa 
=o 
N 
~ 
2 
fea) Pin, 
= 0 = . 1 1 0 
os) 
| 
—- 
=] 
o 
N 
> —_— 5 aa 
a 
o 
a 
B 
=| 
= —10+ 
r=] 
a 
>) 
wn 
a 
? 1 L i L 1 1 
| 
Aa :& * > » 4 5 6 
Stunden 
P>0.10 P>0.005 
O © Blutalkohol 
©——@ Blutzucker der Kontrollen (1. Versuchsreihe) 





@ @ Blutzucker nach doppelter Alkoholbelastung 


Abb. 2. — Durchschnittlicher Blutalkoholgehalt und durchschnittliche Ver- 

anderung der Blutzuckerkonzentration in Prozent des Niichternwertes von 6 

Personen nach zweimaliger Belastung mit 150 bzw. 75 ml 44 G/V % Alkohol mit 

1 ¥% Stunden Zwischenraum. Zum Vergleich sind die Blutzuckerverainderungen 
des Kontrollversuches der ersten Versuchsreihe eingezeichnet. 


niedriger war und langsamer eintrat. Der Héhepunkt wurde jetzt 
erst nach 2 Stunden erreicht, wonach der Blutzuckerspiegel ab- 
sank. Verglichen mit dem Kontrollversuch der ersten Versuchs- 
reihe waren beide Blutzuckersteigerungen sehr deutlich. Der Blut- 
alkoholgehalt stieg bei diesen Versuchspersonen etwas langsamer 
als im ersten Versuch und das Maximum nach der ersten Alkohol- 
gabe lag zwischen 1—114 Stunden. 

Der Blutalkoholgehalt der Personen der dritten Versuchsreihe 
war zu Beginn des Versuches sehr variierend (Tab. 1). Auch der 
Blutzuckergehalt schwankte ziemlich stark, war aber durch- 
schnittlich verhaltnism4ssig niedrig. Nach der Whiskybelastung am 
Morgen nach dem Rausch stieg sowohl die Blutzucker- als auch 
Alkoholkonzentration im Blut. Der Kontroll-Blutzuckerwert drei 
Tage spater ohne Alkoholgenuss war aber durchschnittlich hoher. 
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TABELLE 1 
BLUTZUCKER- UND ALKOHOLKONZENTRATION AM MORGEN NACH SCHWEREM 
RAUSCH UND EINE STUNDE SPATER NACH WEITERER BELASTUNG MIT 50 ML 44 
G/V% ALKOHOL NEBST KONTROLLWERTEN OHNE VORHERGEHENDEN ALKOHOL- 









































GENUSS 
Blutzucker mg% _ |Blutalkohol °/,, 
Nr, [Nach Alkohol-} Kon- Bemerkungen 
genuss troll- | 0 St. | 1 St. 
0 st. | 1 st. | Werte 

1 62 67 116 | 0.19 | 0.86 

2 85 | 100 — | 1.40 | 1.52 

3 67 76 88 | 0.21 | 0.67 

4 100 | 107 — | 0.63 | 0.90 

5 69 76 — | 1.32 | 1.75 

6 79 79 84 | 0.86 | 1.40 

7 94 98 98 | 0.92 | 1.31 

8 74 74 | 100 | 1.23 | 1.59 

9 87 96 86 | 1.06 | 1.30 
10 87 44 90 | 0.48 | 0.65 
11 74 83 87 | 1.76 | 1.98 
12 72 81 83 | 1.30 | 1.99 
13 76 84 88 | 1.04 | 1.33 |Allgemeinbefinden sehr schlecht 
14 44 60 — | 1.14 | 1.25 . » » 
15 61 43 91 | 2.31 | 2.40 |Schwindel, Kollaps 
16 94} 116 78 | 1.73 | 1.95 |Ubelsein 
M 76.7} 80.3] 90.8 








DISKUSSION 


Die Ergebnisse zeigen, dass Alkohol einen Einfluss auf den 
Blutzuckerspiegel hat. Zuerst wird der Blutzucker durch Alkohol- 
genuss erhoht, spater wird er signifikativ gesenkt. Diese Wirkung 
trat in allen Fallen ein. Die Tatsache, dass man friiher bei Unter- 
suchungen iiber den Einfluss von Alkohol auf den Blutzucker so 
wechselndé Ergebnisse erzielt hat lasst sich vielleicht dadurch 
erklaren, dass die Blutzuckerbestimmungen zu _ verschiedenen 
Zeitpunkten ausgefiihrt wurden. 

Die Steigerung des Blutzuckers in unseren Versuchen stimmt 
gut iiberein mit denjenigen friiheren Untersuchungen, die gezeigt 
haben, dass Alkohol das Leberglykogen mobilisiert und dadurch 
den Blutzucker erhéht. Beim Menschen scheint diese Wirkung 
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schon nach viel kleineren Alkoholgaben zum Vorschein zu kom- 
men als im Tierversuch. Bei Tieren erhielt man einen hypo- 
glykamischen Effekt erst nach Verabreichung von mehr als 2.4 g 
Alkohol pro kg K6rpergewicht. Der Versuch mit der doppelten 
Alkoholbelastung bekraftigt die Annahme von Matunga (16), dass 
der Alkohol nicht direkt auf die Leber wirkt sondern tiber das 
sympathische Nervensystem. Eine erneute Alkoholgabe steigerte 
den Blutzucker nochmals betrachtlich, obwohl der Blutalkohol- 
gehalt schon im Voraus erhéht war und erst spater noch weiter 
antieg. Auch Kohlers Resultat (14) passt hierzu, denn er erhielt kei- 
nen Effekt auf den Blutzucker, wenn der Alkohol intravends gege- 
ben wurde. Die Blutzucker-steigernde Wirkung des Alkohols nach 
starkem Alkoholmissbrauch verbunden mit Hypoglykamie, ist 
wahrscheinlich eine der Wirkungen, die man unbewusst erstrebt 
mit einem Alkoholtrunk wahrend der Katerperiode. 

Es ist nicht ohneweiteres klar warum der Alkohol im spateren 
Stadium nach der Belastung den Blutzucker senkt. Aber, wenn 
man gewisse Parallelen zum Umsatz der Fettsduren zieht, gibt sich 
eine Erklérung, die wahrscheinlich erscheint. Nach Oxydation zu 
aktiviertem Acetat verlauft sowohl die weitere Verbrennung der 
Fettsduren als auch des Alkohols tiber dasselbe Enzymsystem. 
Man hat auch gezeigt, dass Fiitterung mit Fett bei Versuchstieren 
den Blutzucker senken kann (1). Wenn man Versuchstieren gréssere 
Mengen Ketonkorper einspritzt nehmen die Glykogenspeicher der 
Leber ab und Hypoglykamie kann eintreten (19, 31, 32). Da der 
Alkohol in der Leber zu Essigséure abgebaut wird und in dieser 
Form oder als Ketonkorper extrahepatisch weiter oxydiert wird (8, 
15), ist es denkbar, dass nicht der Alkohol selbst sondern seine 
Abbauprodukte die Senkung des Blutzuckers verursachen. 


ZUSAMMENFASSUNG 


Der Einfluss von Alkohol auf den Blutzuckerspiegel wurde 
untersucht. Anfangs steigert Alkoholgenuss den Blutzucker, aber 
spater tritt eine Senkung ein. Die initiale, steigernde Wirkung sieht 
man auch nach wiederholter Alkoholbelastung, kurze Zeit nach der 
ersten Dose, oder 5—10 Stunden nach schwerem Alkoholmissbrauch. 
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AUS DEM CENTRALLABOR DES KIVELA KRANKENHAUSES UND DEN 
FORSCHUNGSLABORATORIEN DES STAATLICHEN ALKOHOLMONOPOLS, 
HELSINKI 


EXPERIMENTELLE STUDIEN UBER DIE BIOLOGISCHE 
WIRKUNG VON ALKOHOL 


2. ALKOHOL UND NEBENNIERENRINDEN-FUNKTION 


von 
F-E. KRUSIUS, K. O. VARTIA und 0. FORSANDER 
(Der Schriftleitung eingegangen am 22. Juli 1958) 


Chronischer Alkoholismus kann bekanntlich toxische Ver- 
anderungen in den Nebennieren hervorrufen. Smith (20) stellte 
schon 1951 fest, dass ACTH- und Adrenalininjektionen bei Alkoholi- 
kern eine geringere Abnahme der eosinophilen Leukozyten im peri- 
pheren Blut hervorriefen als bei Kontrollpersonen. Dieselbe Beo- 
bachtung machten auch Dowden und Bradbury (2) bei Adrenalin- 
einspritzungen. Andererseits ist aber in aller letzter Zeit wiederholt 
hervorgehoben worden, dass man nicht berechtigt ist aus dem 
Eosinophilensturz direkte Schlussfolgerungen tiber die Funktion 
der Nebennierenrinde anzustellen. 

Lowell und Tintera (11) konstatierten bei Alkoholikern oft 
Hypoglykaémie und verminderte 17-Ketosteroidausscheidung im 
Harn. Martens (13) berichtet ebenfalls tiber voriibergehende Ab- 
nahme der 17-Ketosteroidausscheidung im akuten Stadium von 
chronischem Alkoholismus. ACTH und Cortison wird auch ziem- 
lich allgemein zur Behandlung von chronischem Alkoholismus 
empfohlen (1, 10, 21, 23). 

Die Wirkung akuter Alkoholvergiftung auf die Nebennieren- 
funktion ist auch experimentell untersucht worden. Kinzius (6) 
fand, dass absoluter Alkohol innerhalb von 15—30 Minuten nach 
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Genuss eine Erhéhung der Blutadrenalinwerte hervorruft. Spater 
trat jedoch eine Senkung ein, die umso deutlicher war je mehr 
Alkohol verabreicht wurde. Laves (9) verfolgte die Zahl der eosino- 
philen weissen Blutkérperchen im peripheren Blut nach Verab- 
reichung von Weinbrand und beobachtete durchschnittlich eine 
Steigerung, die bei Asthenikern starker war als bei Pyknikern. Die 
letzteren brauchten verhaltnismassig mehr Alkohol, damit die nach 
Cortisonverabreichung auftretende Eosinopenie verhindert werden 
konnte. Binswanger (1) konstatierte wiederum bei Versuchsperso- 
nen, die durch starken Weingenuss »offensichtlich vergiftet» waren, 
eine Abnahme der eosinophilen Leukozyten wahrend der ersten 
90 Minuten, der dann eine Vermehrung folgte, die eine Stunde 
dauerte. Hiernach nahm die Zahl der Eosinophilen wieder ab. 

In zahlreichen Tierversuchen hat man nach Verabreichung 
grosser Alkoholmengen Stress-Symptome festgestellt. Smith (22) 
zeigte, dass Alkoholfiitterung den Askorbinsdure- und Cholesterol- 
gehalt der Nebennieren-Rindenschicht senkt. Dieser Effekt blieb 
aber bei hypophysectomierten Tieren aus. Forbes und Duncan (3) 
konnten diese Ergebnisse in grossen Versuchsreihen mit Meer- 
schweinchen und Ratten bestatigen. Sie fanden, dass gleichzeitig 
mit der Abnahme der Askorbinséure. und des Cholesterols in den 
Nebennieren der Gehalt derselben in den Leberparenchymzellen 
zunimmt. ACTH-Verabreichung ruft dieselben Veradnderungen 
hervor aber in noch kiirzeren Zeit. Gillissen (5) fand in Tierver- 
suchen nach grossen Dosen von Weisswein Vergrésserung der 
Zellkerne der Zona fasciculata. Diese Veranderung wurde durch 
reinen Alkohol nicht hervorgerufen. Kliewe und Gillissen (7) berich- 
teten auch, dass Weissweinverabreichung bei Ratten eine Zu- 
nahme der 17-Ketosteroidausscheidung verursache, wahrend reiner 
Alkohol diesen Effekt nicht habe. Santisteban und Swinyard (18) 
untersuchten bei Mausen den Einfluss von Alkohol auf die Neben- 
nierenfunktion, wobei sie das Gewicht der Thymus als Massstab 
benutzten. In ihren Versuchen, in denen die Mause 3 g Athylalko- 
hol per kg Korpergewicht intraperitoneal eingespritzt bekamen, 
steigerte der Alkohol die Nebennierenfunktion 25—50-fach. 

Zusammenfassend kann man also feststellen, dass chronischer 
Alkoholgenuss anscheinend degenerative Veranderungen der Neben- 
nieren hervorruft. Sehr hohe, einmalige Alkoholgaben fiihren bei 
Versuchstieren zu auf Stress hinweisenden Symptomen. Dasselbe 
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Ergebnis hat man aber bei Versuchspersonen nicht erzielt, wohl 
vor allem, weil viel kleinere Dosen verwendet werden miissen als 
in Tierversuchen. Auch die verabreichte Alkoholart und die Kon- 
stitution der Versuchspersonen scheint Einfluss zu haben auf die 
Versuchsergebnisse. 

Der Zweck dieser Untersuchung war an Hand von Plasma 
17,21-Dihydroxy-20-ketosteroidbestimmungen (17—OHCS) und 
von Zahlung der eosinophilen Blutk6rperchen Einblick zu gewinnen 
in die Wirkung von Athylalkohol auf die Funktion der Neben- 
nieren-Rindenschicht. 


VERSUCHSANORDNUNG UND MATERIAL 


Die Versuche wurden mit denselben Personen vorgenommen wie 
in unserer Arbeit tiber den Einfluss von Alkoholverbrauch auf den 
Blutzucker (4). Die Versuchsanordnung war ebenfalls die Gleiche. 
Die Blutproben fiir die Plasma 17-OHCS-Bestimmungen wurde 
der Armbeugevene entnommen und in mit Heparin versetzte Zen- 
trifugenglaser iiberfiihrt. Die Proben wurden morgens auf niichter- 
nen Magen vor Belastung mit Alkohol und 4%, 1, 2, 4 bzw. 6 Stun- 
den danach genommen. Die Zahlung der eosinophilen Blutkoér- 
perchen wurde in Kapillarblut, welches zu denselben Zeitpunkten 
entnommen wurde, ausgefiihrt. In der ersten Versuchsreihe, in der 
einmal 150 ml 44 G/V% Whisky, verdiinnt mit Wasser, verabreicht 
wurde, waren insgesammt 10 Versuchspersonen. In der zweiten 
Versichsreihe mit doppelter Alkoholbelastung, bei der 150 ml + 
75 ml Whisky mit 1144 Stunden Zwischenraum verabreicht wurden, 
waren nur 5 Personen. Wegen der geringen Zahl der Versuchs- 
personen wurde der Mittelwert dieser Serie nicht berechnet. Die 
dritte Versuchsreihe, zu der Personen am Morgen 5—10 Stunden 
nach schwerem Rausch gewahlt wurden, umfasste 16 Personen. 
Chronische Alkoholiker waren nicht in dem Material. Nach Ent- 
nahme der »Niichternblutprobe» erhielten diese Personen 50 ml 44 
G/V% Whisky und 1 Stunde spater wurde eine zweite Blutprobe 
entnommen. Nach 3 Tagen wurde ferner noch eine Kontrollblut- 
probe am Morgen auf niichternen Magen und ohne vorhergehenden 
Alkoholgenuss untersucht. 

Als Kontrollen fiir die erste und zweite Versuchsreihe wurde 
12 Personen beider Serien verwendet, deren Plasma 17-OHCS- 
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Gehalt ebensowie die Zahl der Eosinophilen 2—3 Wochen spater 
unter exakt denselben Versuchsbedingungen und zu denselben 
Zeitpunkten, aber ohne Alkoholgenuss, bestimmt wurden. 

Die Plasma 17-OHCS-Bestimmungen wurden nach der Silber- 
Porter-Methode (19) in der Modifikation von Peterson, Karrer und 
Guerra (16) ausgefiihrt. Die Zahlung der eosinophilen Blutkorper- 
chen wurde in der Zahlkammer nach Farbung mit Phloxin in 50% 
Propylenglykokollésung vorgenommen (17). Zur Kontrolle und 
zur Berechnung des prozentuellen Gehalts an Eosinophilen wurde 
natiirlich auch die Gesamtzahl der weissen Blutkérperchen gezahlt. 


ERGEBNISSE 


Die Plasma-17-OHCS-Werte der ersten und zweiten Versuchs- 
reihe sind in Tab. 1 wiedergegeben, die der Versuchsreihe 3 in Tab. 2. 
Die 17-OHCS-Werte des Niichternplasmas variierten bei allen Ver- 


TABELLE 1 


PLASMA 17-OHCS-WERTE NACH EINFACHER ALKOHOLBELASTUNG (150 ML 44 G/V % 
WHISKY) UND DOPPELTER ALKOHOLBELASTUNG (150 ML + 75 ML WHISKY MIT 1% 
STUNDEN ZWISCHENRAUM) NEBST WERTEN DER KONTROLLSERIE, OHNE ALKOHOL- 





























BELASTUNG 

N Nach Alkoholbelastung Stunden Ohne Alkoholbelastung Stunden 
r. 

0 | % | 1 |2 | 4 6 0 + 12 | 4 | 6 

1. Versuchsreihe 
1. | 23 14 9 9 7 18 4 3 3 10 4 
2; 115 9 9 17 13 6 8 6 7 12 5 
3) [AZ 10 8 ‘4 10 7 8 7 3 7 9 
4. | 13 19 20 12 8 10 13 |413 7 7 8 
5: | 5 8 8 10 11 9 1 1 10 9 11 11 
6. | 18 18 15 9 ij 12 10 | 15 11 — | 13 
7. | 18 10 13 13 12 14 13 8 7 9 12 
8. 7 4 7 4 5 6 ie 7 7 10 20 
9. | 10 11 9 7 6 15 16 |-12 9 15 10 
10. | 10 17 12 8 9 11 4 8 12 8 
M, | 13.9] 12.0/ 11.0] 9.6] 8.8] 10.8 

2. Versuchsreihe 
11. | 14 16 13 10 £7 13 13 9 10 14 i2 
12. | 18 14 15 8 10 9 12 7 7 6 3 
13. 6 4 a 5 3 8 
14, | 12 9 8 17 10 7 
15. | 15 10 4 6 5 9 Myx 10.8] 9.1] 7.3] 10.0] 9.6 
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TABELLE 2 
PLASMA 17-OHCS-KONZENTRATION AM MORGEN NACH SCHWEREM RAUSCH UND 
EINE STUNDE SPATER NACH WEITERER BELASTUNG MIT 50 ML 44 G/V % ALKOHOL 
NEBST KONTROLLWERTEN OHNE VORHERGEHENDEN ALKOHOLGENUSS 





























Plasma 17-OHCS ywg% 
Nr. | Nach Alkoholgenuss | x ontroll- Bemerkungen 
0 St. 1 St. werte 

1 14 23 22 

2 14 16 — 

3 24 18 14 

4 25 14 —- 

5 11 19 — 

6 29 28 28 

7 18 17 21 

8 28 38 24 

9 22 29 18 
10 34 49* 24 *Hypoglykamie 
11 23 18 19 
12* 29 17 41 
13 30 32 20 Allgemeinbefinden sehr schlecht 
14 38* 45 oa *Hypoglykamie + » » 
15 13 23* 17 . » + Schwindel, Kollaps 
16 18 21 16 Ubelsein 
M 22.7 26.0 20.3 

















* Nr. 12 nicht beriicksichtigt bei Berechnung des Mittelwertes wegen des 
unnormal hohen Kontrollwertes. 


suchspersonen der beiden ersten Serien und bei den Kontrollen 
innerhalb normaler Grenzen. Der Mittelwert von 27 Bestimmungen 
betrug 12.3 ug% mit Grenzwerten von 4—21y g%. Dieses Ergebnis 
stimmt gut iiberein mit friiheren Untersuchungen aus diesem 
Laboratorium (8, 14). Jedoch hatten die Versuchspersonen vor der 
Alkoholbelastung durchschnittlich etwas hodhere Niichternwerte 
als vor den Kontrollversuchen. In Versuchsreihe 1 betrug der 
Mittelwert 13.9 ug% gegeniiber 10.8 ug% bei den Kontrollen. 
Sowohl nach Alkoholbelastung als auch ohne Alkoholbelastung 
trat bei den Versuchspersonen im Verlauf von 6 Stunden durch- 
schnittlich eine geringe Abnahme der Plasma 17-OHCS-Werte auf. 
Die niedrigsten Werte wurden bei der ersten Versuchsreihe nach 
2—4 Stunden und bei den Kontrollen nach 2 Stunden konstatiert 
(Abb. 1). Die Abnahme der Plasma-17-OHCS-Werte nach Ver- 
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©——O Plasma 17-OHCS des Kontrollversuches 
e @ Plasma 17-OHCS nach Alkoholbelastung 
Abb. 1. — Durchschnittliche Veranderung der Plasma 17-OHCS-Konzentration 


in w~g% von 10 Personen nach einmaliger Belastung mit 150 ml 44 G/V% 
Alkohol und bei einem entsprechenden Kontrollversuch ohne Alkohol. 





abreichung von 150 ml Whisky war durchschnittlich hoher ais bei 
den Kontrollen, ein statistisch signifikativer Unterschied bestand 
aber nicht. 

Nach Alkoholbelastung trat in der ersten Versuchsreihe ein 
Eosinophilensturz ein, der durchschnittlich bis 50°% betrug (Abb. 2). 
Die Abnahme war 2 Stunden nach der Alkoholbelastung am gross- 
ten, aber auch nach 4 Stunden war sie noch deutlich. In der Kon- 
trollgruppe ‘war keine sichere Verdnderung in der prozentuellen 
Zahl der Eosinophilen wahrend der Versuchsperiode zu konsta- 
tieren. Die prozentuelle Abnahme der Eosinophilen in der Ver- 
suchsreihe ist nicht durch eine Zunahme der Gesamtleukozytenzahl 
zu erklaren, denn diese verbleibt in der Versuchsreihe verhaltnis- 
massig konstant, wahrend die Leukozytenzahl der Kontrollserie 
durchschnittlich bis zu 30% ansteigt. Da die individuellen Eosino- 


29 — Ann. Med. Exp. Fenn. Vol. 36. Fase. 4. 
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Abb. 2. — Durchschnittliche Verainderung der eosinophilen Leukozyten in 

Prozent des Nichternwertes von 10 Personen nach einmaliger Belastung mit 

150 ml 44 G/V % Alkohol und bei einem entsprechendem Kontrollversuch ohne 
Alkohol. 


philenwerte jedoch stark schwankten wurde davon abgesehen 
dieses kleine Material statistisch zu verwerten. 

Bei den Rauschpersonen der dritten Versuchsreihe (Tab. 2) 
war der Plasma 17-OHCS-Durchschnittswert am Morgen vor der 
erneuten Alkoholbelastung schon deutlich erhéht mit 22.7 ug% 
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und Grenzwerten von 11—38 wg%. Auch der Kontrollwert drei 
Tage spdter ohne vorhergehenden Alkoholgenuss war bei einigen 
Fallen noch erhéht, der Durchschnittswert betrug 20.3 ug% mit 
Grenzwerten von 14—28 wg%. Ein Fall (Nr. 12) hatte einen Kon- 
trollwert von 41 uwg%. Da bei diesem Fall der 1-Stundenwert nach 
Alkoholgenuss normal war, ist er bei der Berechnung des Mittel- 
wertes nicht beriicksichtigt worden. 1 Stunde nach Belastung mit 
50 ml Whisky stieg der durchschnittliche Plasma-17-OHCS-Wert 
auf 26 ug%, mit Grenzwerten von 14—49 ywg%. Die Falle 10, 14 
und 15 hatten Hypoglykamie mit Blutzuckerwerten von 44,44 resp. 
43 mg% (4). Diese Fille hatten auch mit die héchsten Plasma-17- 
OHCS-Werte. 


BESPRECHUNG 


In Ubereinstimmung mit den Versuchen von Binswanger (1) 
konnten wir 2 Stunden nach Belastung mit 150 ml Whisky einen 
deutlichen und starken Eosinophilensturz feststellen. Dieses Er- 
gebnis wird meistens als Zeichen einer gesteigerten Nebennieren- 
rinden-Aktivitaét bewertet. Jedoch zeigen unsere gleichzeitig aus- 
gefiihrten Plasma 17-OHCS-Bestimmungen, dass die Sekretion 
Cortisolartiger Substanzen ins Blut nicht vermehrt sondern eher 
vermindert ist. Eine gesteigerte Nebennierenrindenfunktion kann 
also nicht die Ursache der Eosinopenie sein, die iibrigens zeitlich 
auch frither eintritt als nach Verabreichung von ACTH- bzw. 
Cortison. Eine Erklérung derselben scheint uns an Hand unserer 
Versuche zur Zeit nicht méglich. Die Diskrepanz zwischen dem 
Plasma 17-OHCS-Spiegel und der Zahl der Eosinophilen zeigt 
aber, dass ein Eosinophilensturz von 50% nicht immer und ohne- 
weiteres als spezifische Ausserung einer gesteigerten Nebennieren- 
Aktivitaét gedeutet werden darf. 

Die Abnahme der Plasiia 17-OHCS-Konzentration nach Be- 
lastung mit 150 ml Whisky war im Vergleich zu den Werten des 
Kontrollversuches nicht statistisch signifikativ. Ein dahnliches 
Ergebnis ergab ebenfalls die kleine Versuchsserie mit doppelter, 
massiger Alkoholbelastung. Aus friiheren Untersuchungen (12, 
15) wissen wir, dass der Plasma 17-OHCS-Gehalt morgens auf 
niichternen Magen am héchsten ist und im Verlauf des Tages sinkt. 
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Dieselbe Erscheinung war in unserem Material in der Kontrollserie 
zu konstatieren. Da unsere Serien aber verhaltnismassig klein sind 
und die Unterschiede zwischen der ersten Versuchsserie und den 
Kontrollen nicht beweisend sind, muss hervorgehoben werden, dass 
Alkoholbelastungen mit Dosen von 150—225 ml 44 G/V% Whisky, 
entsprechend 0.3—0.45 g Alkohol per kg Korpergewicht, keinen 
sicheren Einfluss auf die Plasma 17-OHCS-Konzentration haben und 
somit auch die Nebennieren-Funktion nicht beeinflussen. 

In der Rauschserie ist der Einfluss des Alkohols auf die Plas- 
ma 17-OHCS-Konzentration auch nicht eindeutig. Es scheint 
jedoch, dass das Niveau der Plasma 17-OHCS-Werte 5—10 Stun- 
den nach schwerem Alkoholmissbrauch, also im Rausch, hoher als 
normal ist. Der Unterschied im Vergleich zu unseren normalen 
Niichternplasma-Werten ist deutlich. Wiederholte Belastung mit 
einer kleinen Portion Alkohol scheint die Hormonkonzentration im 
Blut noch weiter zu erhdhen. Der hohe Durchschnittswert wird 
jedoch durch einige sehr hohe Einzelwerte bedingt, die auf eine 
deutliche Hyperreaktivitat der Nebennierenrinde hinweisen. 
Sonderbarerweise hatten diese Versuchspersonen auch niedrige Blut- 
zuckerwerte, einige sogar deutliche Hypoglykaémie. Ebenso war in 
diesen Fallen die Blutalkoholkonzentration relativ hoch (4). Klinisch 
waren Ubelsein, schlechtes Allgemeinbefinden sowie Schwindel und 
Kollapssymptome zu beobachten. Obwohl in diesen Fallen eine 
deutliche Hyperfunktion der Nebennierenrindenschicht, beurteilt 
auf Grund der hohen Plasma i17-OHCS-Werte, vorlag, war die 
Reaktion bei den iibrigen Versuchspersonen nicht so sicher oder 
deutlich. In gewissem Masse sprechen jedoch die Ergebnisse der 
Rauschserie dafiir, dass extreme Belastung mit Alkohol auch 
beim Menschen zu einer Hyperfunktion der Nebennierenrinde und 
zu Stress-Symptomen fiihren kann. Dieses Resultat ist in Ein- 
klang mit den friiher referierten Ergebnissen in Tierversuchen 


(3, 22). 


ZUSAMMENFASSUNG 


Der Einfluss von Alkohol auf die Funktion der Nebennieren- 
rinde wurde untersucht. Als Kriterien wurden Veranderungen des 
Plasma 17-OHCS-Spiegels und der Eosinophilenkonzentration im 
Kapillarblut verwendet. Nach einmaliger Belastung mit 150 ml 44 
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G/V% Whisky, verdiinnt mit Wasser, war im Vergleich zur Kon- 
trollserie 2—4 Stunden nach der Belastung eine Abnahme der 
Plasma 17-OHCS-Konzentration festzustellen, der Unterschied 
war aber nicht statistisch signifikativ. Ein durchschnittlicher 
Eosinophilensturz von 50% wurde konstatiert. Das Ergebnis bei 
doppelter Belastung mit 150 + 75 ml Whisky mit 144 Stunden 
Zwischenraum war dhnlich, die Serie aber zu klein um mit Sicher- 
heit bewertet werden zu kénnen. In Versuchen mit Personen in 
schwerem Rausch wurden 5—10 Stunden nach extremen Alkohol- 
missbrauch durchschnittlich erhéhte Plasma 17-OHCS-Werte kon- 
statiert, die eine Stunde nach weiterer Belastung mit 50 ml Whisky 
noch anstiegen. 

Die Versuche zeigen, dass einmalige und massige Belastung mit 
Alkohol keinen sicheren Einfluss auf die Nebennieren-Funktion, 
beurteilt an Hand von Plasma 17-OHCS-Bestimmungen, hat. Der 
auftretende Eosinophilensturz kann nicht als spezifisches Zeichen 
einer Funktionssteigerung der Nebennierenrinde gedeutet wer- 
den. Extreme Alkoholbelastung scheint aber innerhalb von 5—10 
Stunden zu einer Steigerung der Nebennieren-Funktion fiihren zu 


konnen. 
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The purpose of the present study was to assess certain current 
routine methods from the standpoint of the demonstration of 
tissue growth and to define their usefulness and significance. The 
methods in question are used in investigations concerning the sti- 
mulation and inhibition of the cellular growth of various organs. 
Furthermore, the question was posed whether it is necessary to use 
more than one of these methods in studies of tissue growth, or one 
method alone. 

It was premised that two fresh pieces of tissue are to be investi- 
gated, namely, a normal, not growing control specimen and a piece 
of tissue suspected of accelerated growth. In such cases it is not 
possible to use the most accurate procedures involving the determi- 
nation in vivo or in vitro of the metabolism and other functions 
of the growing tissue. Methods requiring pretreatment of the sample 
in vivo, such as the isotope technique, can also be left out of con- 
sideration. In practice, the situation often resembles the one here 
described, and then the number of appropriate methods is limited. 
In this laboratory calculation of mitoses, determination of the 
nucleic acids and measurement of nuclear size have been employed 
for the purpose in question. 

As experimental material, regenerating liver tissue obtained 
by partial hepatectomy was chosen. This tissue regenerates rapidly 


1 This investigation was supported by the Sigrid Jusélius Foundation 
and the Damon Runyon Memorial Fund (DRG—291—(C). 
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and regarding it a large body of data is available. On the basis of 
previous investigations we know the growth rate (8), the variations 
in mitotic frequency (6, 5), the variations in concentration of RNA 
and DNA (7, 5), and the changes in nuclear size (3, 11, 6). Since most 
of these investigations are based on extensive series and their 
results are almost consistent, our intention was not to analyse the 
available data in detail. Our object was to present comparative 
results on the accuracy and usefulness of the different methods. 


MATERIAL AND METHODS 


Sprague-Dawley male rats, weighing from 250—350 g., were 
used. Prior to and during the experiments they were kept under 
identical conditions and on the same diet. 

Two different experiments were performed. 

Experiment I, — On 16 rats a vertical incision, about 3 cm. 
long, was made under ether anaesthesia through the abdominal 
layers beginning from the proc.xiphoideus. From the liver thus 
exposed the two median lobes were ligated with silk and removed. 
The portion thus removed constituted about 30 per cent of the total 
weight of the liver. This sample was used as control material. None 
of the animals died from the operation. The animals were killed 24, 
48 and 96 hours after operation. At sacrifice, the liver was in many 
cases variegated, and many rats exhibited clearly necrotic lobes. 
No determinations were made on macroscopically or microscopically 
necrotic lobes. 

Experiment IIT. — On 15 rats partial hepatectomy was performed 
by the original method of Higgins & Andersson, i.e. by ligation and 
removal of the two median lobes and the left lateral lobe, together 
forming an anatomic entity which can readily be removed (8). The 
portion thus removed constituted about 65—70 per cent of the 
total weight of the liver. None of the animals died from the opera- 
tion. The animals were killed 48 hours, 7 days and 14 days after 
operation. They exhibited a light, evenly coloured liver surface; 
no necrotic lobes were observed macroscopically or microscopically. 
Simultaneously with the last experimental group, 5 rats were 
sacrificed as controls. 

The tissues were fixed for 24 hours in Bouin’s solution, mounted 
in paraffin after a dehydration series and sectioned at 4 uw. The 
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sections were stained by Mayer’s hemalum-eosin method. For the 
determination of nuclear size, serial sections at 8 ~ were made from 
three livers of each group. These sections were stained by Feulgen’s 
nuclear reaction. 

The mitoses were counted from 100 visual fields at 10 x 30 
magnification, the area of one visual field being 0.24 mm?. The 
number of mitoses has been indicated per 1,000 liver cells. Cell 
density was determined by counting the cells of 25 visual fields 
from each preparation, using 10 x 100 magnification and oil 
immersion (the area of the visual field being 0.02 mm?). 

The nuclei were drawn through a camera lucida at 2200 x 
magnification. On these drawings the size of the nuclei was measured 
with a planimeter. Three preparations from each experimental group 
in exp. I were investigated, 500 nuclei being measured for each 
preparation. 

From all the samples mentioned in the material the RNA and 
DNA were determined by the methods of Schneider (10) and Ogur- 
Rosen (9). In addition, in exp. II the nucleic acids were determined 
from 10 liver lobes removed in the hepatectomy. 


RESULTS 


The results are presented in Tables 1 and 2. 

The results of the nucleic acid determinations performed on the 
liver lobes removed in exp. II were practically identical with those 
obtained on the control material, namely, RNA 3.90 + 0.10 and 
DNA 0.98 + 0.26. 

In order to facilitate evaluation of the significance of the results 
with regard to the growth process at various stages, graphical 
representations of the results are in Text-figures 1 and 2 compared 
with graphs showing the significance of the results as calculated 
by Student’s t-test. 

At the stage of most intensive growth in exp. I, RNA, DNA and 
the rate of mitosis all proved to be good criteria of growth (Text- 
fig. 1), though differing from each other in that RNA reached its 
maximum first, the rate of mitosis then, and DNA as the last. 

The determinations presented in Text-fig. 2 were made at inten- 
sive, slow and very slow stages of growth, respectively. After 70 
per cent hepatectomy the liver had regenerated in 48 hours to 50 
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per cent of its original weight, in 7 days to about 74 per cent, and 
after 14 days only some 7 per cent were lacking of the original 
weight, which is attained about 14—20 days after operation (8): It 
is seen in the figure that the rate of mitosis and RNA were both 
markedly increased (P <0.0001), whereas DNA did not exhibit 
any significant increase after 48 hours. After 7 days, the values for 
RNA still showed a significatioant elevation, whilst the increase 
in the rate of mitosis was no longer significant. At 14 days after 
operation none of the methods employed yielded significant results. 

Summing up, it may be stated that in the present investigation 
RNA proved to be by far the best criterion of growth at all stages. 
The rate of mitosis seems to be a satisfactory criterion when growth 
is intensive. With regard to DNA, the results obtained in the diffe- 
rent experiments were contradictory, and the determination of 
nuclear size did not yield significant results. 

In what follows, these components will be analysed in detail. 

As emphasized above, RNA proved to be the best criterion of 
growth in the two experiments described in the foregoing. In 
practice, however, the significance of this method is limited by 
the fact that the concentration of RNA is very sensitive to any 
metabolic changes in the tissue. The RNA concentration in the 
liver is dependent e.g. on the nutritional conditions (4). Thus, 
RNA is an indicator of the metabolic function of the tissue more 
than it is a specific criterion of tissue growth (2). 

Our results on DNA were contradictory. In exp. I it showed 
a highly significant increase, but in exp. II] it exhibited no signifi- 
cant change. It seems obvious that if a sufficiently large material 
is available, DNA is a reliable criterion of accelerated growth. In 
exp. I our control material was large enough to enable the demon- 
stration of a significant increase in DNA at the stage of rapid growth. 
In exp. II, on the other hand, we intentionally used a control 
material which was not larger than the experimental groups. Owing 
to the scantiness of the control material, no significant increase in 
DNA could be demonstrated. It seems to be of some importance 
to emphasize the general fact that where quantitative changes in 
a biological material are the object of study, reliable results cannot 
be obtained unless the quantity used for comparison is highly 
stable. In our exp. II, for instance, a reliable result could only 
have been obtained if the control material had been larger, and the 
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mean error thus had been smaller. Furthermore, it was found in 
exp. I that DNA reacted slowly, a significant increase being demon- 
strable only 48 hours after the beginning of the experiment, whereas 
RNA showed a marked increase after 24 hours. In any case it seems 
obvious, if the changes observed in exp. II are at all worthy of con- 
sideration, that DNA is an inadequate indicator of slow growth, 
considering that by the seventh day it had already dropped almost 
to the. level of the control. 

It is obvious that an increased rate of mitosis is an expression 
of accelerated growth. Increases in the rate of mitosis which are 
marked enough to be measurable are, of short duration, however, 
persisting for only some 2—3 days, and individual variations are 
great. It may, thus, be assumed that in different individuals the 
rate of mitosis reacts with different promptness, the maximum rate 
being attained at different points of time after operation. Since, 
moreover, the duration of a mitosis is only a few hours (13), it is 
readily understood that the results obtained on a scanty material 
show a wide dispersion, which lessens the value of this method as an 
indicator of growth. In addition, it has been observed that fluctua- 
tions occur in the rate of mitosis (5). 

In our experiments nuclear size did not increase significantly, 
and not even the small mean increase which occurred can be 
regarded as a specific indicator of tissue growth, considering that, 
for instance, intensified function of a glandular tissue is accompanied 
by a marked increase in size of the cells (ofunktionelles Kern- 
oedem», 1) without any tissue growth proper being involved. In 
addition, Sulkin (12) has observed that the number of nuclear classes 
do not change in regenerating liver tissue. It has also been observed 
that after hepatectomy the fluid concentration in the tissues 
increases (6, 15), causing a swelling of the cells and the nuclei which 
cannot in general be regarded as any specific sign of growth. The 
fact that the determination of nuclear size is time consuming even 
to the experienced is a further reason for rejecting this method in 
routine studies of growth. 

It should be added that, according to our observations, the 
changes in cell density are so inconsiderable that the mitoses could 
just as well have been counted directly from the visual fields without 
determining the cell frequency. 

On the basis of the results presented in the foregoing it appears 
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that when slow growth or slight growth stimulation are the object of 
study, the use of more specific methods is indicated, considering 
that the methods here discussed would in such cases require very 
large materials. 


SUMMARY AND CONCLUSION 


Two experiments were performed, both involving partial 
hepatectomy in male rats. In experiment I, 30 per cent of the liver 
was removed, in experiment II 70 per cent. After operation, RNA, 
DNA and the rate of mitosis were determined in the regenerating 
liver. In exp. I, the determinations were performed 24, 48 and 96 
hours after operation, in exp. II after 48 hours, 7 days and 14 days. 
In addition, in exp. I nuclear size was measured in three individuals 
from each experimental group. 

The results show, firstly, that the methods in question are 
inadequate when the purpose is to show that a tissue is not growing. 
Seven days after hepatectomy the liver tissue is still undergoing 
a slow growth (8), but this could not be demonstrated by the 
methods and material used in the present experiments. Further- 
more, it appears that determination of the nucleic acids alone is 
not sufficient for the demonstration of tissue growth. The rate of 
mitosis is obviously the most adequate criterion of these three, 
but in a small material significant changes are demonstrable by 
this method only if the tissue investigated is in a stage of rapid 
growth. If the tissue growth is slight, the counting of mitoses can, 
of coarse, be used as criteria, but the number of experimental ani- 
mals and the total area of determinations must increase with 
declining growth rate. During slow growth the number of visual 
fields necessary for determination, is to large for making the method 
easy to use. 

Where high values for the rate of mitosis, DNA and RNA are 
obtained, it seems, however, justifiable to conclude that the tissue 
is rapidly growing, and where high RNA values alone are obtained, 
it may be concluded that the tissue grows, if changes in metabolism, 
etc., can be ruled out. 
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DETECTION OF METHANOL POISONING 
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by 
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At this Institute a large number of fatal cases of methanol 
poisoning are investigated every year. As is well known, the 
demonstration of increased concentration of formic acid in organ 
specimens is a significant criterion of methanol poisoning. In this 
connection the urine has been the subject of intensive study. By 
contrast, relatively few investigations have been performed on 
solid viscera and blood (4, 9, 12). We hitherto determined the formic 
acid concentration in the urine alone, using the method of Auten- 
rieth (3). Since samples of urine are not always available, however, 
it was regarded as indicated to investigate whether routine detection 
of methanol poisoning could be based on estimation of the formic 
acid concentration in various organs and in the blood. 

For this purpose brain, kidney, liver, blood and urine were sub- 
jected to parallel investigations. The estimation of formic acid was 
performed by Klauer’s (9) modification of Fincke’s (8) method, 
which involves separation by steam distillation and gravimetric 
determination of the mercurous chloride reduced from mercuric 
chloride by formic acid. In connection with the isolation, some 
experiments were made using Bastrup’s (5) methyl ester technique. 
In addition, the length of the reduction time necessary for a quanti- 
tative result was investigated, and a study of the quantity of the 
yield was performed by addition of a known amount of formic acid 
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to the control specimen. Furthermore, the »normal» concentration 
of formic acid in the organs under study was determined. 

After that 10 cases of acute methanol poisoning (Cases 1—10) 
were investigated. 


In addition, 1 case of acute ethyl alcohol — methyl alcohol poisoning 
(Case 11) was investigated. 


METHODS 


The determination of formic acid was throughout performed 
on 50 g of solid viscera, blood or urine. The urine was distilled as 
such, whilst 50 g of water were added to the minced organs and to 
the blood. Before distillation the samples were saturated with 
sodium chloride (20 g NaC1/50 g sample) as suggested by Lund (11). 
According to the literature, it is sufficient if the volume to be 
distilled is 5—10 times the volume of the distillate. In preliminary 
experiments involving the addition of various amounts of formic 
acid to the specimens it was found, however, that the yield was far 
from being quantitative when a volume which was 10 times that of 
the sample was distilled. In subsequent experiments about 50 mg of 
formic acid (Merck, pro anal., 98—100 per cent) were added to 50 
g of urine, and 20- to 40-fold volumes were distilled. The yield was 
found to increase by only a few per cent. Therefore, we decided to 
use 10-fold volumes for distillation and to regard yields of the 
order of magnitude indicated in what follows as quantitative. The 
average distillation time was 1 hr/500 ml of distillate, except in 
the experiments with blood and liver, where the rate of distillation 
had to be lowered owing to foaming. 


In the separation of formic acid Bastrup (5) employed a method based 
on distillation of the readily evaporating methyl ester of formic acid. In 
experiments with this technique we were able to confirm Bastrup’s con- 
tention that it is suitable for the isolation of formic acid from urine. On 
the other hand when we tried the method in question on a control kidney, 
which had a »formic acid concentration» of 1.6 mg/50 g as determined 
by distillation in steam, the corresponding value obtained was 22.6 mg/50 g. 
Hence an additional, comparative investigation was performed, using 
50 g of the same kidney in each experiment. The results of this investiga- 
tion are shown in Table 1. 


30 — Ann. Med. Exper. Fenn. Vol. 36. Fase. 4. 
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1. Distillation in steam 
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3. Methyl ester ..........4. 





formed in abundance. 


In order to estimate the length of the reduction time required 
after addition of mercuric chloride, an experiment was performed 
which involved direct determination in aqueous solutions to which 
about 25 mg of formic acid had been added. The results appear in 


Table 2. 


TABLE 1 


THE »FORMIC ACID CONCENTRATION?» IN 50 G OF A CONTROL KIDNEY AS DETEh- 
MINED BY DIFFERENT METHODS OF DISTILLATION 


Method of Distillation Volume of Distillate, ml 


1200 
150 
150 


TABLE 2 


ANTTI R. ALHA, JYRKI RAEKALLIO AND ANNA-LIISA MUKULA 





»Formic Acid», (mg) 
0.50 
0.65 
30.90 


Furthermore, on direct determination of formic acid after the addition 
of 150 ml methanol (Merck, pro anal.) a value corresponding to 1.4 mg 
formic acid was obtained. This result shows that when methanol is heated 
together with kidney, a volatile substance reducing mercuric chloride is 


It may be mentioned that Dakin, Janney and Wakeman (7) and Riesser 
(13) have used a technique suitable for accurate quantitative investigations 
which involves the extraction of formic acid. 


REDUCTION TIME AND YIELD OF FORMIC ACID 


Reduction Time (hrs.) 


1 


2 
3 
4 


In the present investigation a reduction time of 314 hours was 


used. 


In order to estimate the quantitaty of the yield with the method 
of formic acid determination used, organ material from subjects 
killed in accidents was used in experiments in which 48.8 mg of 
formic acid were added to the samples. The results are shown in 
Table 3 (in calculating the results, the values obtained on control 
determinations without the addition of formic acid are taken into 


account). 


Yield, % 


89.8 
93.3 
98.4 
99.6 
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TABLE 3 
THE YIELD OF ADDED FORMIC ACID 
Sample Investigated Yield in % of Formic Acid Added 
3 samples of urine ............ 78.3—86.4 
7 » Pan) 1) 2): Oa eee ee 70.2—93.2 
6 » 9 EAGNCY s5.c oon sone 77.0—89.6 
2 » PAINE 5 ooois seen ess 65.9—73.1 
2 » ar) CL LA eee 26.6—36.6 


It is seen that the yield was by no means quantitative. The best 
results were obtained with urine, brain and kidney. The difference 
in results obtained with the same organs from different subjects 
are in part attributable to variations in quality of the samples, e.g. 
state of decomposition and lipid concentration, which are reflected, 
in particular, in the readiness or the degree of difficulty by which 
distillation in steam is performed. 

The »normal» concentration of formic acid in the samples to be 
investigated was determined not only in connection with the experi- 
ment just described, but also by investigation of the urine of more 8 
subjects killed in accidents. The results are shown in Table 4. 


TABLE 4 

»NORMAL) FORMIC ACID CONCENTRATION, MG/100 G 

Sample Investigated »Formic Acid» 
11 samples of urine .............. 0.24—-5.02 
7 » Bo DRAIN yo oases o ciscowscion 0.62—3.40 
6 » P MAGHOY oreo sices aces 5.8 0.02—2.08 
2 » Deg EO Beard clas aayiovaitess ass 0.50—5.08 
2 » PUIOGES sha. a Wda mene 0.46—1.96 


The highest value for the »normal» formic acid concentration 
was thus about 5 mg/100 g. 


With regard to the isolation of formic acid from organ specimens by 
distillation in steam it has been objected (11, 13) that on heating in the 
presence of an acid, the carbohydrates of the specimens may produce 
formic acid. 

In addition, it may be mentioned that according to Riesser (13), formic 
acid may be determined by iodometric determination of mercurous chloride, 
which is an appropriate method in many serial investigations (11). 
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INVESTIGATION OF FATAL CASES 


When the methodological aspects had been clarified, organ 
specimens from 10 successive fatal cases of acute methanol poisoning 
were investigated (Cases 1—10). In all cases a qualitative methanol 
determination was performed on mixed viscera, and an estimation 
of the formic acid concentration was made on brain, kidney and 
liver, on blood in 7 cases, and on urine in 8 cases (in 2 cases no urine 
was available). 

In addition, in 5 cases (nos. 6—10) Widmark’s reduction value 
(15) was determined in blood, and determination of ethanol in the 
blood was performed by the ADH method. Furthermore, quantita- 
tive determination of methanol was performed in the blood and the 
urine by the chromotropic acid technique. The results are shown 
in Table 5. 


Qualitative Methanol Determination on Mixed Viscera. — About 300 g 
of mixed viscera, slightly acidified with tartaric acid, was distilled in steam 
to a 50 ml distillate. A qualitative methanol determination was performed 
on 1 ml of distillate, using the generally known chromotropic acid reaction. 
On the basis of previous practice we have become used to expressing the 
strength of the violet colour by the symbols +, ++ and +++. According 
to previous, rough quantitative estimation, + corresponds to about 
0.05—0.10 °/o9, + + to about 0.2—2.0/,) and ++ + to over 2.0 °/o9 methanol 
in the distillate under investigation. 

In addition, formaldehyde was determined by the chromotropic acid 
reaction in 1 ml of distillate, the results being negative in all cases. Qualita- 
tive ethanol reactions were, too, in all cases negative. 

Ethanol Determination in Blood by the ADH Method. —This was per- 
formed by the method of Bonnichsen and Lundgren (6) as modified at this 
Institute (2). 

Quantitative Methanol Determination in Blood and Urine. — Blood and 
urine were distilled by the method of Friedemann- Klaas as modified by 
Weinig (14). The methanol in the distillate was determined by the method 
of Agner and Belfrage (1) as modified by Koivusalo (10). 


Furthermore, the results obtained in a case of ethanol — 
methanol poisoning may be reported (Case 11). 


Jr. no. 258/58. This person had been found dead at a public lavatory. 
At autopsy, there was a marked odour of household spirits (Finnish house- 
hold spirits contain some 2—6 per cent methanol in addition to ethanol, 
dye stuffs and denaturing substances). Steam distillation of mixed viscera 
yielded some methanol, an abundance of ethanol and, in addition, a small 
amount of acetaldehyde. On determination by the ADH method the fol- 
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TABLE 5 
RESULTS IN 10 FATAL CASES OF METHANOL POISONING 
' Blood Quantitative Metha- | 
— Formic acid. mg/100 g Alcohol, nol Determination, | 
Jr. No. | Methanol Sz /00 */oa | 
pore Urine | Brain | Kidney} Liver] Blood | mark | ADH | Blood Urine 
Value 
43/58 + | 257.41 29.3 26.0 28.8 6.5 
71/58 +++ | 134.6] 31.0 33.8 21.8] 14.0 
79/58 ++ | 163.6] 34.6 35.8 21.4) 17.6 
96/58 + + 35.9 49.9 41.5 | 30.6 
101/58 ap + 34.6 45.0 24:3) 17:5 
129/58} +++ | 213.3] 35.7 | 51.8 | 37.8] 13.7] 1.30 | 0.00 | 0.90 1.43 
131/58 ++ | 276.1 | 37.5 35.6 15:0 7.9 1.23 | 0.00 0.97 1.12 
136/58 ++ | 305.7; 44.1 76.0 | 45.7 2.09 | 0.00 1.54 1.36" | 
140/58 ++ | 296.9] 50.5 | 70.8 | 54.5 2.65 | 0.00 | 1.96 3.06 | 
158/58 ++ | 111.9] 44.0 ASS | 3126 0.80 | 0.20 0.53 | 0.68 






































lowing results were obtained: ethanol concentration 4.56 °/o, in the blood 
and 5.19 °/,5, in the urine; methanol concentration about 0.4 °/o) in the blood 
and 0.5 °/o) in the urine. The concentration of formic acid was 2.3 mg/100 g 
in the urine and 1.1 mg/100 g in the brain. 


DISCUSSION 


With regard to the concentration of formic acid, the highest 
values were obtained in urine and the lowest in blood. It would 
obviously be interesting to compare the concentration of formic 
acid in urine, blood and various viscera on the one hand and the 
results obtained on quantitative methanol determination on the 
other. Considering, however, the great differences in the quantitaty 
of the yield, which was revealed by the study of the methodological 
aspects, it is clear that no confident conclusions can be drawn. On 
the other hand in all of the 10 cases of acute methanol poisoning 
investigated, the formic acid concentration in the organ specimens 
was markedly higher than »normal». In addition, by steam distilla- 
tion of the samples, methanol was qualitatively demonstrated. 

In the special investigations performed in cases 6—10, a slightly 
elevated ethyl alcohol value was obtained by the ADH method 
in one case alone, whereas Widmark’s value was markedly elevated 
in all 5 cases. On quantitative methanol determination definitely 
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increased values were obtained in both the blood and the urine. 
These special investigations did not throw any additional light on 
the cases concerned. 

It is sometimes necessary to examine cases of methanol poisoning 
which are so acute that the formic acid concentration of the viscera 
has not yet risen before death has occurred. In such cases special 
investigations are, of course, essential, as shown by our case 11. 


SUMMARY 


The purpose was to ascertain whether in forensic practice it 
would be possible to use the determination of formic acid in brain, 
kidney, liver and blood as a criterion of methanol poisoning, if no 
urine is available. 

In the estimation of formic acid concentration, distillation in 
steam was used for the isolation, and the oxidative reaction with 
mercuric chloride for the determination, the yield of mercurous 
chloride being measured gravimetrically. 

In the methodological part of the investigation, the quantity 
of the yieid was the object of study. The yield was found to be 
of the magnitude 70—90 per cent in both the urine, and the brain 
and the kidneys. By contrast, the liver and, in particular, the blood 
gave smaller yields. In addition, the »normal» formic acid con- 
centration in the material was determined, being in all cases 
5 mg/100 g or less. 

In 10 fatal cases of methanol poisoning the formic acid con- 
centration in the organ specimens was determined by the above- 
mentioned method, markedly higher values than »normal being 
obtained. In all cases methanol was qualitatively demonstrated in 
steam distillate of mixed viscera. 

The present investigation shows that for the detection of acute 
methanol poisoning it is often sufficient in forensic practice, when 
methanol has been qualitatively detected in the organism, to prove 
that the concentration of formic acid is increased in the urine or, 
if urine is not available, in the viscera, preferably the brain or the 
kidneys. 
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The close relationship between the hypophysis and the adrenal 
cortex is revealed at alarm reaction —- caused by numerous kinds 
of stress — by the increased hormone production in the adrenal 
cortex. This activity which is caused by ACTH can be studied by 
establishing the changes in amount and distribution of, for instance, 
ascorbic acid and lipids by means of various histochemical tests. 

After hypophysectomy and the resultant cessation of the ACTH 
action, the size of the cells in the adrenal cortex is reduced. 
W. Boguth ef al. (5) have shown, moreover, that a morphokinetic 
adaptation reaction is also reflected in the size of nucleus in the 
fascicular zone after hypophysectomy, and after various kinds of 
stress causing an alarm reaction which is a stage in Selye’s well- 
known General-Adaptation-Syndrome. In the latter case, the 
arisal of a morphokinetic adaptation reaction presupposes that the 
duration of the increased hormonal action of the hypophysis is 
such that the mentioned adaptation, in the form of. structural 
changes, enlargement of cells, and cellular increase, is required to 
cause increased functional activity in the adrenal cortex. To judge 
from the results of W. Boguth’s ef al. investigations, the morpho- 
kinetic reaction is revealed by the changes in the nuclear size at a 
fairly early stage of changed cellular activity in the adrenal cortex. 
— The cell increase is revealed by the mitotic activity in the so- 
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called stable and labile organs, as distinguished from the so-called 
perennial organs (2, 3). The mitotic ratio in adrenals of normal 
cuinea-pigs has been studied, for instance by H. T. Blumenthal (4), 
and the changes in the mitotic ratio have been investigated, among 
others, by R. Dallwig (9). 

The present study was made for the purpose of finding out, if 
possible, how the size of the nuclei in the fascicular zone of the cortex 
react to an acut and prolonged histamine shock . Attention was 
also paid to the mitotic ratio under these conditions. These studies 
are connected with a series of earlier investigations regarding the 
action of histamine shock and prolonged application of histamine 
on the organism (21, 22, 23, 24). 


MATERIAL AND METHODS 


The series consisted of 59 3—4 month-old guinea-pigs. All 
the animals were males which may be of significance as certain 
differences attributable to sex have been observed in the size of 
the adrenal glands (1, 13, 14) and some cyclic alterations with, for 
instance, different mitotic ratio in estrus and diestrus (1, 6). The 
weight of the majority of the animals was 450—550 grammes, 
and all were sexually mature, hence no influence on the mitotic 
ratio due to growth need be considered, as the mitotic activity in 
animals which have reached puberty is but little according to 
H. T. Blumenthal (4). The guinea-pigs were kept isolated in a room 
with a fairly constant temperature, and fed on a diet consisting of 
hay; fresh grass, oats, and turnips. The tests were made in late 
spring and summer, and in autumn. 

In order to obtain an as even and prolonged histamine action 
as possible, the histamine dihydrochloride! was embedded in a 
mixture of beeswax and paraffin oil according to the method 
described by~L. J. Hay et al. (15) and modified, as reported in a 
previous paper (22). The animals were given daily intramuscular 
injections of the mixture in doses corresponding to about 2 mg 
histamine base for 1, 3, 12 or 16 days. The guinea-pigs were de- 
capitated about six hours after the last injection. The decapitation 


1 Our thanks are due to Messrs. Hoffmann — La Roche & Co., Ltd. for 
supplying the histamine required for these experiments. 
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was done in the afternoon or evening, in order to exclude possibie 
diurnal rhythmical variation in size of nucleus, observed in some 
organs by T. Casperson and Hj. Holmgren (7) and P. Nicolay (25), 
and in the mitotic rate as reported by H. Klein and H. Geisel (20). 
— The animals suffering from acute shock were decapitated at 
once when it became evident that recovery was impossible. — The 
behaviour of the animals during acute histamine shock has been 
reported in detail in a previous work (23). 

The guinea-pigs were dissected inmediately after decapitation, 
the adrenal gland was divided by a vertical cut into two equal 
halves and immersed in Bouin’s fluid. Fixation lasted as a rule 
for 12 hours; the preparation was then embedded in paraffin, cut 
into 4 wu slices and stained with hemalum-eosin. 

The contours of the nuclei in the outer spongiocyte layer of 
the fascicular zone were outlined with the aid of Abbe’s drawing 
apparatus, a technique used, for instance, by H. Teir (32) and others. 
The subject and the drawing board were kept on the same level. The 
enlargement thus obtained, and controlled at intervals by micro- 
meter, was 2500 x. Contours of 200 nuclei per slice were drawn; 
with an exactitude of 0.5 mm., the largest diameter and the smallest 
perpendicular diameter were measured, and their mean noted as 
the diameter of the nucleus. The nuclear volume was calculated to 
1/6 x d*. — To avoid the »personal errors», mentioned by E. Freerk- 
sen, all the measurements were performed by one person (A. K.) 

A binocular, x 10 and objective 40, was used for determining 
the mitotic ratio. This determination was done only in the outer 
half of the fascicular zone, but along the whole cut surface. The 
number of inspected visual fields was noted and, with the know- 
ledge of the size of the visual field, the size of the inspected surface 
was calculated. 

The t-test and the rank-sum test were used for statistical 
assessment of the material, the former for comparison of the 
nuclear volume and the latter for evaluation of the mitotic ratio. 
The rank-sum test was chosen because the mitotic distribution 
was highly asymmetric. The probability of the deviation (P) of the 
various values is given as highly significant, significant, and almost 
or possibly significant. 
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RESULTS 


This investigation consists of two series: Test series I comprises 
39 guinea-pigs, 5 of which were used for control, and Test series II 
includes 20 animals, 5 of which were used for control. The first 
series of tests was performed during the latter part of May to mid 
August, and the second was started early in November. 

Nuclear Volume. — Table I shows that the mean volume of the 
nuclei in the fascicular zone was higher throughout in Test series I, 
examined during spring and summer, as compared with that of the 
animals in Test series II, examined in the latter part of the autumn. 
The mean figure for the nuclear volume in the controls of the two 
series was 149.3 + 4.7 v3 and 132.4 + 4.4 y3 and the difference was 
statistically significant. 

In Test series I and II, the mean values for nuclear volume in 
the animals subjected to histamine treatment did not diverge statisti- 
cally from the controls in the two series. The only statistically tenable 


TABLE 1 


TEST SERIES I: ANIMALS DYING IN ACUTE SHOCK AFTER THE 1ST INJECTION OF 
HISTAMINE IN BEESWAX, AND SUCH DECAPITATED 6 HOURS AFTER HISTAMINE 
TREATMENT FOR 12 or 16 DAYS 
TEST SERIES II: ANIMALS DECAPITATED 6 HOURS AFTER THE 1ST OR 3RD IN- 
JECTION OF HISTAMINE IN BEESWAX 
i = number of animals, x + s X = mean value for nuclear volume + 
standard deviation (3), m = mean value for mitotic ratio, a = mean 
value for slices studied (mm?)) 











n x+sx m a 
Controls 5 149.3+4.7 2.4 8.1 
Died in acute shock 9 139.2+5.7 22 6.0 


Decapitated after 16 injections 7 155.3+4.2 4.2 5.0 


Test series I 





Controls 5 132.4+4.4 2.4 6.9 


135.24 3.8 a, (eo 


Decapitated after 3 injection 5 133.1+ 4.0 9.8 5.6 
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difference established was the one observed in the animals dying 
from acute shock in connection with the first histamine injection 
and those decapitated after the 12th or 16th injection; in both 
cases the difference was significant. It should be noted here, how- 
ever, that the animals succumbing to acute shock, died 20 minutes 
to one hour after the histamine injection. 

Figs. 1 and 2 show the distribution graphs for the nuclei in the 
different size groups in Test series I and II. The abscissa indicates 
the nuclear diameter (wu) and the corresponding nuclear volume (y'). 
The ordinate shows the mean frequency (f) for the nuclear classes 
in the various histamine tests. 

It is seen that there is rather good agreement in the shape of the 
graphs, the maximum frequency being 2--3 size classes. In Test 
series I, the graph is distinctly shifted to the left in the case of 
the animals dying from acute shock after the first injection, and a 
broadening of the maximum frequency in the case of the animals 
given 16 histamine injections. The graphs for Test series II are all 
shifted to the left, as compared with those for Test series I. The 
graphs for the controls in the former series show, in addition, a 
more pronounced maximum for frequency by its higher apical 
shape and its thinning down base. As already mentioned, in the 
controls of the two test series, there was a statistically significant 
difference as to nuclear volume. 

In a work published by W. Boguth ef al. (5), to which we here 
refer, the difference in shape, height, shift to the left or right in 
the frequency graphs shows the influence of hypophysectomy and 
different kinds of stress on the nuclear volume in the fascicular 
zone. As our nuclear measurements gave no evidence in support of 
statistically tenable differences in the size of nuclei in the histamine 
tests, such as carried out in the present work, we must abstain 
from trying to analyse the comparatively small variations appearing 
in our graphs. In this connection, reference may be made also to 
the report of R. Dallwig (9). In his tests on rats, the stress consisted 
in 10 days’ thirst, but no changes in the nuclear size in the fascicular 
zone were evidenced. 

Mitotic Ratio. — At determination of the mitotic rate in the outer 
half of the fascicular zone, where the size of the nuclei was also 
measured, it was observed that comparatively few mitoses occurred 
in the controls of the two test series (Tab. 1); the rate was of the 
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Fig. 1. — Test series I. Graph showing the distribution of nuclei in the 
different size groups. The abscissa show the diameter (u) and the volume 
(u3) of the nuclei while the ordinate indicates the mean frequency (f) of 


- the nuclear classes. 

x x = controls, 

O----- © = died in acut shock, 

’o Seoomnaeenenaes CG = decapitated after 12 injections, 
V—-—V = decapitated after 16 injections. 
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Fig. 2. — Test series II. Graph drawn on the same principles as Fig. 1. 
x x =} controls, 
O----- O = decapitated after one injection, 
d—-—cG = decapitated after three injections. 


same size in the two series. Nor did any appreciable changes in the 
ratio occur after histamine treatment. 


Statistically tenable differences were recorded by means of the 


rank-sum test, that is true, on comparison with the controls for 
animals dying from acute shock, those given three or 16 injections, 
but as the mitotic ratio for all the animals was very low, no signif- 
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icance should be attributed to these variations in this connection, 
especially as, for instance R. Dallwig’s (9) mean mitotic ratio in 
the fascicular zone of rat was 5 with a deviation coefficient of + 6, 
and after thirst 6 -- 7. H. T. Blumenthal (4) mentions a mitotic 
ratio of 4.1, on an average, per section of guinea-pig adrenal gland. 


COMMENTS 


In their tests on guinea-pigs, W. Boguth ef al. (5) showed that 
different kinds of stress, such as hunger, penicillin and diphtheria 
toxin bring about an enlargement of the nuclei in the fascicular 
zone of the adrenal gland. This morphokinetic adaptation, released 
in accordance with Selye’s General-Adaptation-Theory, did not 
appear in the experiments if the test animals were hypophys- 
ectomied before being exposed to stress, provoking an alarm 
reaction. R. Bachmann (1) likewise says, quoting C. M. Jackson (16), 
that the size of the nuclei in the outer fascicular zone of adult rats 
decreased by 19 per cent during a period of acute hunger of several 
days’ duration, and that this reduction is further increased in 
periods of chronic hunger. Simultaneously, the mitotic ratio de- 
creases. After saline stress on rats lasting four weeks, D. Eichner (11) 
observed an increase of 27 per cent in the nuclear volume in the 
outer fascicular zone. On the other hand, R. Dallwig (9), subjecting 
rats to thirst over 10 days, observed changes, neither in size of 
nucleus nor in mitotic ratio in the fascicular zone. As she noted 
alterations in both nuclear size and mitotic ratio in the glomerular 
zone’ at the same time, she concluded that the effect of thirst and 
administration of saline was relatively specific in this zone, whereas 
a similar action on the fascicular zone was improbable. Hence she 
considered that, for instance, D. Eichner’s just mentioned observa- 
tions of changes in the fascicular zone were caused by an unspecific 
stress action — in agreement with what has been previously said 
about the interpretation of the results obtained by W. Boguth 
et al. (5) — whereas R. Dallwig, as already mentioned, assumed 
that the changes seen in the glomerular zone might be due to 
increased secretion of Adiuretin in connection with thirst; her 
deduction was based on the studies of M. Kimura (17), Ch.Lloyd 
and J. Lobotsky (20), and R. Ortmann (26). 
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That the various cortical zones of the adrenal gland react 
differently to irritation agrees well with the relative independence 
attributed to them. But, again, an absolute independence is contra- 
dicted by, for instance, regeneration findings (16) and the pro- 
gressive and regressive transformations (5) in the zones of the 
gland. 

In spite of different kinds of stress thus causing a morpho- 
kinetic adaptation reaction, no definite results were established in 
this respect, for instance, changes in the nuclear volume, or influence 
on the mitotic ratio after histamine injections under the conditions 
prevailing. This is somewhat surprising as histamine is considered 
a particularly active stress agent which has been used for studies of 
experimental shock, and also an endogenous substance which is 
associated with different kinds of shock and anaphylactic be- 
haviour. The absence of a stress reaction after histamine treatment 
of the animals might be due to its high toxicity — the lethal dose 
for guinea-pigs is as little as 0.3—0.4 mg/kg of body weight when 
injected intravenously (10) — which may be thought to inhibit the 
activity of the hypophysis and thus the production of ACTH. This 
assumption may be supported by the tendency observed that the 
animals succumbing during acute shock after the first histamine 
injection revealed a statistically significant decrease in nuclear 
volume on comparison with those given histamine injections over 
a period of 12 or 16 days. It might be thought, also, that the hista- 
mine might exercise its toxic action on the adrenal gland directly 
— according to the theory regarding the direct action of histamine 
on the cells — which, by this means, might become refractory to 
a stress effect mediated by the hypophysis. On the other hand, 
the results of the investigation, with regard to the size of the 
nucleus, seem to show that there is a tendency suggesting that the 
adrenal gland adjusts itself to increased responsiveness, in accordance 
with Selye’s General Adaptation Theory, although this is not 
mathematically provable. The results obtained in the present 
investigation agree in some measure with those obtained in studies 
on the effect of histamine on the thyroid gland, where the activity 
of the gland is not affected (24, 33). This differs from conditions 
during anaphylactic shock (8), and using stressors, such as alloxan 
and formaldehyde (28, 29). 
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SUMMARY 


The adrenal glands of 59 male guinea-pigs were examined. Of 
these, 39, including controls, were treated in spring and summer 
(Test series I) and 20, likewise including controls, in autumn 
(Test series II). In both series the animals were given one daily 
intramuscular injection of histamine embedded in beeswax and 
paraffin oil in doses equivalent to about 2 mg of histamine base. 
In the first series, the animals were given histamine over periods 
of 12 or 16 days, and in the second series for 2 or 3 days. The animals 
dying from acute shock after the first injection belong to Tests 
series I. 

Differences neither in size of nucleus nor mitotic ratio in the 
fascicular zone of the adrenal gland were observed on comparison 
of the animals treated with histamine and the controls. However, 
there may perhaps have been some tendency to changes in the 
nuclear volume, to judge from the fact that the animals dying 
from acute histamine shock after the first injection had a signif- 
icantly smaller nucleus than those treated with histamine over a 
period of 12 or 16 days. — The guinea-pigs treated in summer 
and spring had larger nuclei in the fascicular zone than those 
treated in autumn. 
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OF HELSINKI 


EFFECT OF ALCOHOLS ON EOSINOPHILE CELLS IN THE 
GLANDULAR STOMACH OF THE RAT}? 


by 
T. MIETTINEN and K. KOUVALAINEN 


(Received for publication July 31, 1958) 


Fluctuations in the eosinophilic cells of the blood and also of 
the tissues during Selye’s stress syndrome are generally known, 
but the physiological or pathological significance of these changes 
is still obscure. Many of the changes in the behaviour of eosinophils 
towards noxa have generally been explained as the result of general 
stress, but on the other hand the eosinophils are considered to 
have a directly protective action against noxa (5, 8). In an earlier 
study we observered that benzpyrene dissolved in olive oil and 
allowed to act locally for a short time caused an increase in the 
eosinophil count in the rat glandular stomach (2). 

According to Richardson’s rule, the effect and toxicity of diffe- 
rent alcohols increases with increasing molecular size. The mucosa 
of the dog’s stomach has been found to be more greatly damaged 
by propyl, butyl and amyl alcohols than by ethyl alcohol (1). The 
reaction produted by an intracutaneous injection of alcohol has 
been observed to follow the homologous series in the different alco- 
hols (4). Ethyl alcohol has a certain effect on blood eosinophils 
which is antagonistic to cortisone (3). 

Certain factors which influence the secretion of digestive 
juices have been found to cause eosinophilia in the digestive tract of 
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the rat (8). Since ethyl alcohol is known to increase the secretion 
of gastric juice, its possible effect on eosinophils in the stomach 
appeared also for this reason to be of interest. 


MATERIAL AND METHODS 


The experimental animals were male Sprague-Dawley rats 3—4 
months old, who had been kept all the time under the same con- 
ditions and on the same diet. For 2 days before experiment the 
rats fasted and were given water only. Seven- to ten rats were used 
in each experiment, except in studying the effect of amyl alcohol 
during 1 hour, for which 19 rats were used, since we wished to 
confirm the significance of the mild eosinophilia observed in 
preliminary experiments. 

The substances under test as well as the corresponding amount 
of physiological saline solution for the controls were cannulized 
into the stomach by means of a rubber cannula. The time of exposure 
was 1 and 4 hours, after which the rats were killed with ether and 
a biopsy specimen was taken from the stomach. 

The preparation of the microscopic specimens and the counting 
of eosinophils from the lamina propria of the glandular stomach 
was done in the manner described in our earlier paper (2). The 
number of eosinophils are expressed per 0.05 sq.mm, although the 
counting was performed over an area of twice this size. Lesions in 
the mucosa produced by the alcohols were observed macroscopically 
and microscopically. 

The substances and doses used were 33 follows: 


Methyl alcohol 2. ml. 30 per cent 
Ethyl alcohol 2 » 30 » » 
Propyl alcohol 0.5 » + 1.5 ml. H,O 
Butyl alcohol 0.55 » +15 » » 
Amyl alcohol 0.5 » +1. » » 


RESULTS 


The control groups in all the experimental series showed higher 
values at 4 hours than at 1 hour, although the difference was not 


significant. 
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Compared with the controls (1 hr.: 59.6 + 15.5 and 4 hrs.: 
76.1 + 30 eos./0.05 sq.mm.) no difference was seen in the number 
of eosinophils in rats treated with methyl alcohol (1 hr.: 69.5 4 21.3 
and 4 hrs. 68.8 + 12.9 eos./0.05 sq.mm), ethyl alcohol (69.5 + 32.6 
and 71.5 + 7.2), propyl alcohol (57.5 + 32.5 and 74.2 + 16.3) 
and butyl alcohol (61.0 + 24.4 and 104.6 + 36.0). 

The results obtained with amyl alcohol are shown in fig. 1. 
This substance was found to cause a moderate increase in the 
eosinophils in the glandular stomach within 1 hour (P <0.05). 
After exposure for 4 hours the increase was not significant (96.0 + 
22.6). The stomach of the rats given amyl alcohol was markedly 
more relaxed and dilated than that of the other rats, which 
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Fig. 1. — Effect of amyl alcohol on the number of eosinophils in the glandular 
stomach of the rat after exposure for 1 hour. 
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seemingly reduced the number of eosinophils per unit area in 
these rats because of the counting method employed. Thus the 
actual change produced by amy] alcohol is greater than shown by 
our figure. 

Small granulocyte accumulations and a few small ulcerations 
were encountered to some extent in all the groups but no quantita- 
tive differences were observed between the various alcohols in the 
homologous series or between 1 and 4 hours exposures. 


DISCUSSION 


Although no graduated correlation was observed in these experi- 
ments between the molecular size of the alcohols applied locally 
to the stomach and the eosinophil count in the lamina propria, 
attention is drawn to the increase in the eosinophil count produced 
by amyl alcohol in 1 hour. Amy! alcohol is the most largemolecular 
and toxic of the substances in the homologous alcohol series used. 
It is possible that larger doses would have produced changes in also 
the other experimental groups. However, the dosages already were 
relatively large. The letal doses for these alcohols are as follows (6): 


Methyl alcohol LD 50 appr. 12.9 gm./kg. orally 


Ethyl alcohol 30 » 13.7 » » » 
Propy! alcohol 500» 19 » » » 
Butyl alcohol 50» 44 » »  » 
Amyl alcohol LD » 0.5» » intraperitoneally. 


On the basis of the results obtained in the present study it does 
not appear improbable that eosinophils have an antitoxic action 
(5, 8) but in this case the explanation of general stress and accord- 
ingly of increased adrenocortical hormone secretion (7) seems more 
plausible, since the rats which were given amy] alcohol were clearly 
under a definitely greater stress during the experiment, exhibiting 
greater difficulty of breathing and somnolence than the other rats. 

Macroscopic and microscopic lesions in the mucosa of the glan- 
dular stomach were unexpectedly few. For example, the gastric 
mucosa of the dog has been found to be injured more greatly by 
largemolecular alcohols than by ethy! alcohol (1). In these experi- 
ments we were unable to make a corresponding finding in rats. In 
the guinea pig ethyl alcohol has produced various gastric lesions 
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only in concentrations of 60 per cent and over, but then already in 
onehalf hour (9). We used a 30 per cent concentration of ethyl 


alcohol. 


SUMMARY 


This report covers a study of the effect of perorally given 
methyl, ethyl, propyl, butyl and amy! alcohols on the glandular 
stomach of the rat by determining, specifically the number of 
eosinophile cells in the lamina propria. Amy] alcohol was found to 
produce an increase in the number of eosinophils within 1 hour. 
Unexpectedly few lesions were found in the gastric mucosa and 
they revealed no difference in number or type in the rats given 
different kinds of alcohol and after the different periods of effect. 
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FROM THE DEPARTMENT OF SEROLOGY AND BACTERIOLOGY, UNIVERSITY 
OF HELSINKI 


BACTERIA FOUND IN URINE 


by 
ILMARI PALVA 


(Received for publication July 1, 1958) 


Urinary tract infections are still fairly common and show a 
great tendency to linger on (2) in spite of the improved thera- 
peutical facilities available now, above all the new sulfa drugs and 
antibiotics. In the Finnish literature, reports on bacteria isolated 
from urine have been published by H. Streng in 1936 (6), Tuovinen 
in 1949 (7) and Rantasalo in 1953 (3). 

The present paper is a report on the 7,271 strains of micro- 
organisms isolated from 20,903 urine samples at the Department 
of Serology and bacteriology of the University of Helsinki in the 
five-year period 1951—55. The present situation is compared with 
earlier analyses. 

Table 1 reflects the total material. All together 2,104 strains 
of Gram-positive cocci was encountered, i.e. nearly a third of the 
total bacterial flora. There were 819 Staphylococcus epidermidis 
and 536 Staphylococcus aureus strains. The Staphylococcus group 
thus totalled 1,355 strains, i.e., 18.6 per cent of all the bacteria. 
The Streptococci in the material accounted for only about a half 
of this figure. The following strains were found: Streptococcus 
faecalis 582, Streptococcus a-haemolyticus 103, f-haemolyticus 
10 and others 54 (10.3 per cent). 

Gram-negative rods represented a good two-thirds (69.3 per 
cent) of the total material. Half of this quantity, 2,443 strains, 
consisted of Escherichia coli. Next in order of frequency came the 
Klebsiella-Aerogenes group with 784 strains (10.8 per cent). Thirh 
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TABLE 1 
DISTRIBUTION OF 7,271 MICRO-ORGANISM STRAINS ISOLATED FROM URINE 
Strains Per Centages 
Micro-organism Pure | Mixed Total |” Mixed 
Cultures| Cultures} Number |Per Cent] Cultures 
Staphylococcus epidermidis .. 819 
Staphylococcus aureus ...... 536 
Staphylococci together 980 375 1355! 18.6 28 
Streptococcus faecalis ......| ie 
Streptococcus a-haemolyticus 103 
Streptococcus f-haemolyticus 10 
Other Streptococci’ ........ 54 
Streptococci together ...... 448 301 749) 10.3 40 
Gram + cocci together ......| 1428 | 676 2104] 28.9 | 32 
Escherichia coli ............ 2217 226 2443) 33.6 9 
Escherichia freundii ......... 3 | — |. 2 es 
Klebsiella-Aerogenes ........| 681 | 103 784, 108 | 13 
Salmonella paratyphiB.... lila ia -._ + fF 
Salmonella typhi murium.... 11 
Salmonella, not subtyped .... 4 
_|Salmonellae together ...... 17 2 19} 0.26 11 
Proteus mirabilis ........... | ‘(239 a i: 
Proteus vulgaris .......... 103 
Proteus Tretogeri .. 0.065... 38 
Proteus morganii .......... 29 
Proteus, not subtyped 154 
Proteus together .......... 448 115 563 7.8 20 
Other coliforms ............| 272 | 120 | 392) 5.4 31 
Pseudomonas ..............| 233 | 123 | 356 49 | 35 | 
Faecalis alkaligenes ........|. 177 | 50 | 227] 314 | 22, 
Gram — rods, not finallyclassi-| | aa oes 
EGIAG cet acaibisceransreyeysiciaieiannvive 17s 75 248 3.4 30 
Gram — rods together ....... 4201 | 834 | 5035] 69.3 17 
Gram +, spore-forming...... 3 a 4) 0.05 25 
ee eee ee aa 2 62| 0.85 52 
Oe ae -— Fe 1] 0.01 100 
Gram + rods together ......| 33 | 34 67} 0.91 | 51 
NURIA, cicct sci ccaisis laser aires 44 21 65} 0.89 32 
ss ee “@ni 10006]: 200 
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TABLE 
BACTERIAL FLORA IN THE URINE 
Author and Period Covered| Number of | Staphylococci | Streptococci 
by the Material Strains Per Cent Per Cent 
H. Streng 1931 ...cc.ss 436 21 18* 
Tuovinen 1936—38 .... 407 23 4** 
1946—48 .... 271 25 g** 
Rantasalo 1951 ........ 841 12 19 
Palva 1951—55 ........ 7271 19 10 




















* »saprophytes of the urethra» 
** »other bacteria» 


(7.8 per cent) came the 563 strains of the genus Proteus of which 
154 were not finally subtyped. Of the subtyped strains 59 per cent | 
were P. mirabilis, 25 per cent P. vulgaris, 9 per cent P. rettgeri and 
7 per cent P. morgani. The group »other coliforms» included B. para- 
coli, Ballerup-Bethesda, Alcalescens dispar, Providence, Serratia, 
Arizona, Cloaca cloacae and Erwinia. They represented a total of 
392 strais in the material, i.e., 5.4 per cent. The Pseudomonas 
strains found totalled 356 (4.9 per cent) and Faecalis alkaligenes 
227 (3.1 per cent). Of Gram-negative rods, 248 strains (3.4 per cent) 
were not finally classified. Salmonella (19 strains) and Escherichia 
freundii (3 strains) were found sporadically. 

Other bacteria were fairly rare. Diphteroids were found 62 
times (0.85 per cent). The bacterial flora included 4 strains of 
Gram-positive, spore-forming rods and a single Clostridium. The 
results of Mycobacterium tuberculosis cultures were not taken 
into consideration. 

Candida strains were present in 65 samples. 

In mixed infections the streptococci seemed to be very com- 
mon, but the E. coli relatively few. Mixed infections with two 
strains consisted of nearly all the possible combinations. Strains 
isolated from mixed infections accounted for 1,565 (20 per cent) 
of the total material. 

Table 2 contains the data reported by H. Streng, 1936, Tuovi- 
nen, 1949 and Rantasalo, 1953 and those of the present author. 
There were no significant differences between them. The group 
»Coliy of the former two workers corresponds well to the group 
of Gram-negative rods of the latter authors. Noteworthly, the 
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IN FINLAND IN 1931—1955 














a E. Coli Proteus |Other Gram-rods} Total of Gram- 
eae Seas: Per Cent Per Cent Per Cent rods Per Cent 
39 55 6 * yn 
27 65 soa 8 3 
34 47 — 19 ve 
31 21 7 38 ” 
29 34 8 27 va 




















Proteus frequency has remained practically the same: 6 per cent in 
Streng’s, 7 per cent in Rantasalo’s and 8 per cent in the present 
material. The proportion of Staphylococci seems also to have 
remained fairly constant, around 20 per cent. However, Rantasalo 
isolated in 1951 at the State Serum Institute clearly fewer Staphylo- 
cocci than but twice as many Streptococci (19 per cent) as we did. 
In materials published elsewhere in the last few years (1, 4, 5) the 
ratio of the totals of Gram-negative rods and Gram-positive cocci 
is on the whole the same as in Finland but there are still great 
differences between different laboratories in the more detailed 
classification of these groups. 


SUMMARY 


Judging by the distribution of the 7,271 micro-organisms iso- 
lated from urinary tract infections the most common cause of these 
infections in Finland today is E. coli which accounted for a third 
of these micro-organisms. Staphylococci represented nearly 20 
and Streptococci 10 per cent. Klebsiella bacteria accounted for 
c. 10, Proteus for c. 8 and other coliforms and Pseudomonas for 
c. 5 per cent each. For Faecalis alkaligenes the percentage was c. 3. 
There were incidental findings (less than 1 per cent) of Diphteroids, 
Salmonellae, Gram-positive spore-formers, Clostridia and Candidae. 
Nearly all the possible combinations were met with in mixed in- 
fections. 

No essential change in the bacterial flora of urinary tract in- 
fections has occurred in Finland during the last twenty-five years. 
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EFFECT OF ACETONE ON THE METABOLISM OF 
METHANOL IN RAT LIVER HOMOGENATES!} 


by 
MARTTI KOIVUSALO 


(Received for publication August 27, 1958) 


Asser (2), working with dogs and rabbits, found in 1914 that 
acetone, ethanol and amy] alcohol diminished the increased excre- 
tion of formic acid in the urine resulting from the ingestion of 
methanol. He considered this effect to be due to an increased oxi- 
dation of formic acid. The effect of ethanol on the metabolism of 
methanol has since been studied rather extensively but the possibly 
similar effect of acetone has not been much studied. In experiments 
with rabbits (7), the simultaneous administration of acetone re- 
tarded the elimination of methanol from the blood only very slightly 
when compared with the retarding effect of ethanol in similar 
experiments (6). The present paper deals with the effect of acetone 
on the utilization of methanol and on the accumulation of formal- 
dehyde in rat liver homogenates incubated with methanol. 


METHODS 


The experimental animals were white rats of Wistar strain 
weighing 280—320 g. They were fed the usual stock diet of this 
Department. 

After the killing of the animals, their livers were rapidly removed, 
cooled on ice, weighed and homogenized to a 10 per cent homogenate 


1 This investigation has been supported by a generous grant from 
the Foundation for the Research of Alcohol Problems. 
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in a cooled Bihler tissue homogenizer. The homogenising medium 
was ice-cold 0.1 M potassium phosphate buffer pH 7.4. 

The acetone and methanol used were redistilled pro analysi 
products of E. Merck, Darmstadt 

The incubations were carried out in a temperaturecontrolled 
water bath at 37° with constant shaking. In all the experiments the 
gas phase in the flasks was air. Samples were taken from the in- 
cubation flasks before and after the incubation. In some experi- 
ments a number of samples were taken also during the incubation. 
The samples of 1 ml were transferred to centrifuge tubes containing 
5 ml of 10 per cent trichloroacetic acid for the precipitation of 
proteins. The clear supernatant obtained after centrifugation was 
used for the determinations. 

The samples were analysed for their methanol and formalde- 
hyde contents, using photometric methods (6) based on the oxi- 
dation of methanol with acid permanganate to formaldehyde and 
on the determination of the formaldehyde by the aid of the chromo- 
tropic acid reaction. The presence of acetone in the quantities 
used did not affect the determinations of methanol or formaldehyde. 


RESULTS 


The results of a typical series of experiments, where the reactions 
were followed during 120 minutes, are presented in figures 1 and 2. 
It is seen that acetone concentrations of 13—27 mg% in the incu- 
bation mixture had no effect on the utilization of methanol in 
rat liver homogenate. The presence of acetone increased slightly 
the accumulation of formaldehyde. Also no effect of acetone on 
the time course of these reactions was seen. 

Although the concentration of acetone in the incubation mixture 
was increased up to 686 mg%, no effect was seen on the utilization 
of methanol (Table 1). The slight increase in the accumulation of 
formaldehyde when acetone was present was seen also in these 
experiments. When acetone alone was incubated with rat liver 
homogenate no appreciable accumulation of formaldehyde was 


observed. 
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MIN. 
Fig. 1. — Effect of acetone on the utilization of methanol in rat liver homoge- 


nate. Ordinate: Concentration of methanol per initial volume. Abscissa: Incu- 
bation time. 10 ml of 10 per cent homogenate in 0.1 M potassium phosphate 
buffer pH 7.4, Total volume 12 ml. Incubated at 37°. Gas phase air 


1600 ug of methanol 

1600 wg of methanol (boiled homogenate). 
1600 wg of methanol + 1600 wg of acetone 
1600 wg of methanol + 3200 wg of acetone 
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Fig. 2. — Effect of acetone on the accumulation of formaldehyde in rat liver 

homogenate incubated with methanol. Ordinate: Amount of formaldehyde 

accumulated. Abscissa: Incubation time. Same experiments as in fig. 1. No 

formaldehyde accumulated in the boiled homogenate incubated with 1600 yg 
of methanol. 
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DISCUSSION 


In the earlier in vivo experiments (7) with rabbits the simulta- 
neous administration of acetone retarded the elimination of methano! 
from the blood, although rather slightly and only when the ratio 
of acetone to methanol was 1:1 or more. In the present in vitro 
experiments, acetone had no retarding but, if any an increasing 
effect on the utilisation of methanol in the rat liver homogenates, 
although the ratio of acetone to methanol was increased as high 
as 60:1. 


TABLE 1 


EFFECT OF ACETONE ON THE UTILIZATION OF METHANOL AND ACCUMULATION OF 
FORMALDEHYDE IN RAT LIVER HOMOGENATES 
5 ml of 10 per cent homogenate in 0.1 M potassium phosphate buffer 
pH 7.4. Total volume 7 ml. Incubated for 60 minutes at 37°. Gas phase air. 
Each value is the average of two incubation flasks. Different homogenates 
are used in experiments 1—6 and 7—12. 























Methanol Formaldehyde 

Utilized Accumulated 
Ms HS 
1 800 ug methanol 365 59 
2 800 » > + 3.2 mg acetone 380 66 
3 800 » » + 64 » » 390 69 
4 800 » » + 96 » » 385 66 
5 3.2 mg acetone — 1 
6 6.4 » » — 0 
7 800 mug methanol 350 40 
8 800 » » + 8.0 mg acetone 380 47 
9 800 » » + 24 » » 362 47 
10 800 » » + 48 » » 390 52 
11 24 mg acetone — 2 
12 48 » » — 2 





Acetone is known to be utilized in the animal organism, although 
this takes place rather slowly (1, 3—5, 9—11, 13—15). The for- 
mation of formaldehyde during the metabolism of acetone should 
be possible, since acetone is known to take part in the so-called 
»one carbon group» reactions. Formate has been shown to be formed 
from the methyl carbons of acetone, which also may be used for 
all the reactions of the labile methyl group (13, 14). The inter- 
mediary reactions are not known with certainty. Formate is pre- 
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sumably formed from the cleavage of acetone to »formate» and 
»yacetate». The latter may be used via acetyl-CoA for all the reactions 
of the »active acetate» (3, 4). Other known pathways for acetone 
in the animal organism are carboxylation to acetoacetate (10), 
which links it to the #-methyl f£-hydroxyglutaryl-CoA cycle of 
Lynen et al. (8), and a direct formation of a triose-like compound (5), 
Propanediol phosphate has also been found to be a possible inter- 
mediate in the reactions of acetone (12). 

When acetone alone was incubated with rat liver homogenates 
no formaldehyde or only negligible amounts could be recovered 
from the incubation mixture in the present experiments. This 
result does not, however, exclude the possible formation of for- 
maldehyde during the metabolism of acetone. The formed small 
amounts of the very reactive formaldehyde may have been reacted 
further as soon as they were formed. The slightly increased for- 
mation of formaldehyde from methanol, when acetone was also 
present was apparently due to the likewise increased utilization 
of methanol and not to any noteworthy formation of formaldehyde 
from acetone. 

According to Asser (2), acetone and ethanol had a similar de- 
creasing effect on the increased excretion of formic acid in the 
urine of dogs after the administration of methanol. This effect 
of ethanol has later been confirmed by several authors. Simultaneous 
administration of ethanol retarded very clearly the elimination 
of methanol from the blood of rabbits, and ethanol was also shown 
to inhibit competitively the utilisation of methanol in rat and 
guinea pig liver homogenates. 

The earlier in vivo experiments and also the present in vitro 
experiments did not show a similar effect of acetone on the metab- 
olism of methanol as that attained with ethanol. Thus the parallel- 
ism presumable from the results of Asser between the effects of 
acetone and ethanol on the metabolism of methanol does not seem 
to be generally valid. 


SUMMARY 


The effect of acetone on the utilization of methanol and 
accumulation of formaldehyde was studied in rat liver homogenates 
incubated with methanol. 
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In contrast to the earlier in vivo experiments, no retardation 
but a slight increase in the utilization of methanol was found even 
though the ratio of acetone to methanol was increased to 60: 1. 
A small increase in the accumulation of formaldehyde was also 
consistently found when acetone was present with methanol. When 
acetone alone was incubated with rat liver homogenates no formal- 
dehyde or only a negligible amount was formed. 
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FORMATION OF FORMALDEHYDE FROM METHANOL IN 
RAT LIVER HOMOGENATES 


EFFECT OF COFACTORS! 


by 
MARTTI KOIVUSALO 
(Received for publication August 26, 1958) 


Methanol can be metabolized in rat liver homogenates forming 
formaldehyde as an intermediate, which in part accumulates in the 
incubation mixture. No accumulation of formaldehyde could be 
shown during the metabolism of methanol in vivo, the formaldehyde 
being presumably metabolized further as rapidly as it is formed (4). 
In the former experiments in which various metabolic cofactors 
were added to fresh undialysed rat liver homogenates, no consistent 
effects on the formation of formaldehyde from methanol could be 
obtained (4). In the present paper results from experiments with 
aged, dialysed and Dowex—1 resin treated homogenates are pre- 
sented. The effect of diphosphopyridine nucleotide, adenosine 
triphosphate and Mgt+t and Mn‘ ions is especially studied. 
Also semicarbazide and xanthine have been added in some experi- 
ments. 


METHODS 


The experimental animals were white female rats of Wistar 
strain weighing 260—280 g. They were fed the usual stock diet of 
this Department. 

The animals were killed with a blow on the head, their livers 
were rapidly removed, cooled on ice and homogenized to a 10 per 

1 This investigation has been supported by a generous grant from the 
Foundation for the Research of Alcohol Problems. 
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cent homogenate in a cooled Biihler tissue homogenizer. Ice cold 
0.1 M potassium phosphate buffer, pH 7.4 was used as homogenizing 
medium. 

»DPN reinst» and ATP were products of Boehringer. All other 
reagents were pro analysi products of E. Merck, Darmstadt. 

The homogenates were divided in two parts. The one part was. 
dialysed for 24 hours at +4° against 0.1 M potassium phosphate: 
buffer. The other part was also held at + 4° for 24 hours. 

The Dowex-treated enzyme was prepared as follows: 50 ml of 
the 10 per cent homogenate were stirred at +4° for 30 minutes. 
with 5 g of Dowex—1 strongly basic anion exchange resin (X—10,. 
chloride form, 200—400 mesh). After this the resin was removed by 
centrifugation. 

The incubations were carried out in a temperature controlled 
water-bath with constant shaking at 37°. Air was used as gas phase 
in all experiments. Samples were taken from the incubation flasks. 
before and after the incubation. The samples of 1 ml were trans- 
ferred to centrifuge tubes containing 5 ml of 10 per cent trichloro- 
acetic acid for the precipitation of proteins. The clear supernatant. 
obtained after centrifugation was used for the determinations. 

The samples were analysed for their formaldehyde content 
using a photometric method based on the chromotropic acid 
reaction (4). 

All the values in the tables are averages of duplicate determina- 
tions from three similar incubation flasks. 


RESULTS 


The results of typical series of experiments are presented in 
Tables 1—4. 

From the results recorded in Table 1 it is seen that in undialysed 
fresh rat livér homogenate addition of diphosphopyridine nucleotide. 
had no appreciable effect on the accumulation of formaldehyde 
during incubation with methanol. Addition of adenosine tri- 
phosphate slightly increased the accumulation of formaldehyde. 
When semicarbazide was added in the incubation mixture more of 
the formed formaldehyde was trapped and the accumulation 
increased about 50 per cent. | 

When the liver homogenate was dialysed against phosphate 
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TABLE 1 


EFFECT OF SEMICARBAZIDE, DPN AND ATP ON THE 

ACCUMULATION OF FORMALDEHYDE IN _ UNDIA- 

LYSED RAT LIVER HOMOGENATES INCUBATED 
WITH METHANOL 

















Formaldehyde 
Additions accumulated 
us 
INGBO® -ssisisinie Maan sui 67 
| 2 (RS a 70 
Ate) iste neki asa 78 
Semicarbazide ............ 98 








5 ml of 10 per cent homogenate in 0.1 M potassium phosphate buffer 
pH 7.4. Substrate 800 wg of methanol. Additions: 2.5 4M DPN; 5 uM ATP; 
100 uM semicarbazide. Total volume 7 ml. Incubated for 60 minutes at 37°. 
Gas phase air 


buffer for 24 hours less formaldehyde accumulated than in a fresh 
homogenate. The addition of diphosphopyridine nucleotide increased 
the accumulation of formaldehyde in the dialysed homogenate, but 
the addition of adenosine triphosphate caused a still greater increase. 
When both adenosine triphosphate and diphosphopyridine nucleo- 
tide were added, the effect was slighter than with adenosine tri- 
phosphate alone. The same effects were also seen in aged, undialysed 
homogenate but less clearly as in the dialysed homogenate. When 


TABLE 2 


EFFECT OF ATP AND DPN ON THE ACCUMULATION OF FORMALDEHYDE IN VARI- 
OUSLY TREATED RAT LIVER HOMOGENATES INCUBATED WITH METHANOL 














No Dowex Treatment Treated with Dowex 
Additions 
Nondialysed Dialysed | Nondialysed | Dialysed 
DROME. shetsisigaiaieoe acs 29 12 21 8 
FE a Siarelosiearne eke . 9 107 — 116 
iD) 2 ir See 44 27 a= 27 
ATP + DPN ..... 90 88 oo 97 
PNGMO® 5.556 \o oe ssera ci 37 24 oo — 
A See eSe bn aN 68 107 — — 
Ey IR ee eee 52 66 — — 
ATP + DPN .... 98 96 — - 























Experimental conditions as in Table 1. Additions: 8 uM ATP; 24M DPN. 
The values given represent the amount of formaldehyde accumulated in yg. 
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TABLE 3 


EFFECT OF MG++ AND MN++ IONS ON THE ACCUMULATION OF FORMALDEHYDE 
IN DIALYSED RAT LIVER HOMOGENATES INCUBATED WITH METHANOL 























Mg++ Mn++ 
MOURURHIONG. hs dkwssesscccass 22 39 56 
MIN ches ee ee els ou dete 40 55 67 
REG roa Cone ceteu aik becuse 128 125 125 
i So) i 114 113 114 





Experimental conditions as in Table 1. Additions; 24m DPN; 8 uM ATP; 
2.5 uM MgCl; 2.5 uM MnCl,. 
The values given represent the amount of formaldehyde accumulated in jg. 


the homogenate was treated with Dowex—1 resin only very small 
amounts of formaldehyde accumulated during incubation with 
methanol when no further additions were made, but the addition 
of disphosphopyridine nucleotide and adenosine triphosphate gave 
the same values as were obtained in the homogenates which were 
not treated with Dowex—1 (Tables 2—3). 

Addition of Mgt* or Mn*t* ions increased the accumulation 
of formaldehyde when added alone or with diphosphopyridine 
nucleotide. Mnt* ions were slightly more active than Mgt ions. 
When also adenosine triphosphate was added, a further addition 
of Mg*+ or Mn** had no effect (Table 3). 

Because the effect of the nucleotide cofactors may also be due 
to the fact that they can act as substrate for liver xanthine oxidase, | 





TABLE 4 


EFFECT OF THE ADDITION OF XANTHINE, ATP AND 

DPN ON THE ACCUMULATION OF FORMALDEHYDE IN 

DIALYSED RAT LIVER HOMOGENATES INCUBATED 
WITH METHANOL 














Formaldehyde 
Additions Accumulated 
us 
DONG bn. oSkescawecawnees 28 
SOE aio cht ea San aeWesuas 49 
0 A ee eee eee 88 
PONG. 66 ns ok AG wane 71 











Experimental conditions as in Table 1. Additions: 5 4M xanthine; 2.5 
um DPN; 5 uM ATP. 


IE 
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the effect of the addition of xanthine on the accumulation of formal- 
dehyde was studied in experiments recorded in Table 4. It is seen 
that in dialysed homogenates xanthine also clearly increased the 
accumulation of formaldehyde during incubation with methanol. 


DISCUSSION 


The increase in the amount of formaldehyde recovered from 
the incubation mixture when semicarbazide was present as 
a trapping agent can be taken as an indication that the amount of 
formaldehyde which is recovered without semicarbazide really 
represents only a fraction of the formaldehyde formed during the 
incubation. Most of it is metabolized further and in part also bound 
to proteins when no trapping agent is used. This is also seen from 
the earlier observation that the recovered formaldehyde represents 
only about 10 per cent of the methanol utilized during the same 
time (4). 

However, the ratio between utilized methanol and accumulated 
formaldehyde in rat liver homogenates incubated with methanol 
has been found to be very constant in experiments where the same 
homogenate is used (4). When different homogenates have been 
used this ratio has varied between 5 and 20 per cent of the utilized 
methanol, aged homogenates accumulating more formaldehyde 
per utilized methanol. In view of this constant ratio the accumula- 
tion of formaldehyde also reflects very well the utilization of 
methanol in rat liver homogenates. Because the determination of 
formaldehyde is less tedious but more accurate and sensitive and 
has fewer sources of error than the determination of methanol, 
only the accumulation of formaldehyde has been determined in 
these experiments. 

The failure of the cofactors to influence the accumulation of 
formaldehyde in fresh undialysed liver homogenates indicates that 
these homogenates contain enough of these cofactors for the reac- 
tions concerned. However, when aged and dialysed preparations 
are used the cofactor requirements were more clearly seen. The 
preparations were still able to carry out these reactions but to 
a considerably less extent. The accumulation of formaldehyde was 
not totally abolished even after treatment with Dowex—1 resin 
for the removal of cofactors. 
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The increase in the accumulation of formaldehyde caused by the 
addition of diphosphopyridine nucleotide was rather small. The 
role of liver alcohol dehydrogenase which is a diphosphopyridine 
nucleotide dependent enzyme (6), in the oxidation of methanol is 
not yet settled. Although pure crystalline alcohol dehydrogenase 
from horse liver does not react with methanol (8), more crude 
preparations have been found to reduce diphosphopyridine nucleo- 
tide in the presence of methanol, although rather slowly (4, 5). 
The small increase in the formation of formaldehyde in the presence 
of diphosphopyridine nucleotide does not indicate that diphospho- 
pyridine nucleotide dependent enzymes play any essential role in 
the oxidation of methanol to formaldehyde. On the other hand, the 
comparatively small amounts of diphosphopyridine nucleotide 
added are known to be rather rapidly destroyed by the rat liver 
homogenate (7). 

The activating effect of adenosine triphosphate on the accumula- 
tion of formaldehyde indicates the coupling of the oxidation of 
methanol to some energy-requiring reactions. Also the activation 
by Mgtt and Mn*Ttions in the absence but not in the presence 
of. adenosine triphosphate may have the same cause. 

There is, however, a further possibility for adenosine triphosphate 
and diphosphopyridine nucleotide to take part in the oxidation of 
methanol. Methanol can at least in vitro be oxidised by the peroxid- 
atically functioning catalase in systems which consist of a pri- 
mary oxidizing system generating hydrogen peroxide, and of 
methanol and catalase (1—3). Xanthine oxidase can form such 
a primary oxidizing system using adenosine triphosphate and 
diphosphopyridine nucleotide as substrates (7). The effect of the 
latter cofactors on the metabolism of methanol might thus be due 
to the increased formation of hydrogen peroxide by this system. 
To obtain some information on this possibility the effect of the 
addition of xanthine on the accumulation of formaldehyde was 
studied. As can be seen from Table 4 xanthine is also a potent 
activator of these reactions. When the activating effects of adeno- 
sine triphosphate, diphosphopyridine nucleotide and xanthine are 
compared on an equimolar basis, it is seen that they are all of the 
same magnitude, which indicates the possible participation of cata- 
lase and xanthine oxidase on the oxidation of methanol in these 
experiments. On the other hand, the effects of adenosine triphos- 
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phate and diphosphopyridine nucleotide would be additive if their 
only role in these reactions were to serve as substrates for xanthine 
oxidase. The accumulation of formaldehyde has, however, been 
less when both diphosphopyridine nucleotide and adenosine tri- 
phosphate have been added than with adenosinetriphosphate alone. 
It is not very likely that the saturation limit of xanthine oxidase 
has been obtained in these experiments. 

To elucidate further the role of xanthine oxidase in the metab- 
olism of methanol, experiments have been made with molybde- 
num-deficient and with disulfiram-treated rats in whose tissues the 
xanthine oxidase activities are low. The results of these experiments 
will be reported in subsequent papers. 


SUMMARY 


The effect of various cofactors on the accumulation of formal- 
dehyde in dialysed and Dowex —1 treated rat liver homogenates 
incubated with methanol has been studied. 

The addition of adenosine triphosphate clearly increased the 
accumulation of formaldehyde. A smaller increase was found when 
diphosphopyridine nucleotide was added. When both adenosine 
triphosphate and diphosphopyridine nucleotide were added the 
increase was smailer than with adenosine triphosphate alone. Also 
the addition of xanthine increased the accumulation of formal- 
dehyde. 

Addition of Mgt* or Mnt*ions increased the accumulation 
of formaldehyde when added alone or with diphosphopyridine 
nucleotide. When also adenosine triphosphate was added further 
addition of Mg** or Mnt* had no effect. 
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